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ABSTRACT 
The i n t r u s i v e rocks of the Emeksan area mainly, consist of grano-
dlortte,various MfitmeMites and granites.These rocks were intruded into 
tbe pre*Mesozoic basemeat and .the Mesozoic to T e r t i a r y volcanic rocks. 
The b a t h o l i t h was cut by a series of dolerite, andesite porphyry 
and microgranite dykes, termed the l a t e magmatic series, which show 
closely s i m i l a r chemistry t o the Tertiary hypabyssal and volcanic rocks 
of the Pontids. The chemical trends of the l a t e magmatic series are 
t y p i c a l of calc-alkaline suites. The calo-alkaline fractionation i s 
also t h o u ^ t t o be responsible f o r the generation of the intermediate 
Plutonic rocks i n the area although v a r i a t i o n diagrams indicate that 
other processes were involved before the s o l i d i f i c a t i o n of the grano-
d i o r i t e and Esenli porphyritic adamellite. Field occurrences and factor 
analyses of these intermediate rocks imply that t h e i r diemical composi-
tions were affected by zenoliths of quartz-feldspar-mica schists derived 
from basement rocks which resulted i n higgler levels of Nb, Y and the 
l i t h o p h i l e elements K and Rb. 
An e a r l i e r leucogranite intrusion shows a d i s t i n c t l y different 
character r e l a t i v e to the other intrusive rocks. I t has gradational. 
contacts to the basement rocks, i s highly enriched i n quartz and a l k a l i 
feldspars of lower temperature fozm, and shows, coarser graii^-size and 
abnormal perthite abundance. The leucogianite contains ancaoalous values 
of Na20, KgO, Rb, Kb and Y r e l a t i v e to the normal calo-alkaline frac-
t i o n a t i o n trend. The leucogranite plots i n the low temperature-higjh 
pressure f i e l d s of quartz-alkali feldspar jAiase diagrams. The evidence 
suggests that the leucogranitic magna probably derived^from the basanent 
rocks as a r e s u l t of p a r t i a l fusion, 
N-S compressive forces were the primary causes of the structural 
features i n the area. The B-W extension of phenocrysts and the N-S, 
NE-SW and M-SE trends of dykes, veins and f a u l t s are related to these 
forces, which were probably produced by subducticoi processes during the 
Tertiary. The v a r i a t i o n of K^ O, and other indices, i n the magmatic 
rocks across the Pontids support a northward inclined Benioff zone. 
The molybdenum mineralisation i s related to the intermediate t o 
acidic calo-alkaline in t r u s i v e rocks showing porphyritic or f i n e -
grained texture. Fractures with a narrow dispersim about the N-S 
d i r e c t i o n are the important structural features c o n t r o l l i n g the sulphide 
mineralisation. The molybdenum i s introduced i n K-feldspar-quartz-
b i o t i t e and quartz veins and sometimes occurs as disseminations. Qialco-
p y r i t e i s very l i m i t e d i n the molybdenum zone but r e l a t i v e l y enriched i n 
the surrounding areas i n which py r i t e i s also widespread. Pb-25n-Cu 
sulphide veins are occasionally found i n the outermost sulphide zone. 
Hydrothermal a l t e r a t i o n associated with the ore mineralisation also 
shows a zonal d i s t r i b u t i o n . In the potassic a l t e r a t i o n zone the host 
rocks were replaced by fine-grained material, including K-feldspar-quartz-
b i o t i t e . Quartz, s e r i c i t e and clay minerals are the main minerals of 
rocks i n the p h y l l i c t o a r g i l l i c a l t e r a t i o n zones, which include most of 
the Mo-mineralisation. The development of chlo r i t e , a f t e r mafic minerals, 
and clay minerals a f t e r feldspars represents the outermost a l t e r a t i o n 
zone, which contains p y r i t e , chalcopyrite and some carbonate veins. 
The primary d i s t r i b u t i o n of elements during hydrothermal alteraticm 
was used to examine the types of host rock a l t e r a t i o n , and to locate the 
ore mineralisation mere precisely. Higher Mo, Rb, SiOg and K^O and lower 
i"e20^, MgO, CaO, M^O, HiO^, Sr and Zn values are recorded In rocks frcm 
the pervasive hydrothermal a l t e r a t i o n centre. Cu, Zn, S and Rb are 
enriched i n the halo zone and may be used i n exploration f o r the similar 
ore deposits i n other areas. 
The Mo-mineralisation i n the area shows a close similaurity t o 
porphyry ore deposits which are economically important. Exploration f o r 
t h i s type of deposit should therefore be continued i n the Pontids. 
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CHAPTER ONE 
INTRODUCTION AND R.EGIQKAL GEOLOGY 
1 . 1 . Scope of research 
Northeastern Turkey has been well known for i t s massive sulphide 
deposits since medieval times. Many studies, based on s c i e n t i f i c 
methods, have been undertaken, from the beginning of thi s century t o 
explore f o r mineralisation i n the area. Although researchers have 
often f a i l e d to f i n d econonic deposits, they have contributed t o an 
understanding of the geology of the area and have given descriptions 
of mineralisation. As a re s u l t , northeastern Turkey has been recog-
nised as a d i s t i n c t volcanic and metallogenic province, known as the 
eastern Pontids. Geological ccxaparison with neighbouring countries 
revealed that the Pontid belt extends eastwards in t o Iran through the 
L i t t l e Caucasus of the U.S.S.R. and westwards int o the Carpathian 
Mountains through Bulgaria. 
Several porphyry copper-molybdenum deposits have been reported 
from the L i t t l e Caucasus, Iran, Bulgaria and Rumania. This kind of 
deposit, however, was unkncwi i n Turkey u n t i l the early 1970's although 
d i s t r i b u t i o n of these deposits aramd the area indicate that the 
eastern Pontids would be a favourable place f o r porphyry mineralisation, 
thus a regional geochemical stream sediments survey f o r Cu, Fb, Zn and 
Mo was carried out along the i n t e r i o r part of the eastern Pontids, from 
Merzifon to I s p i r by a j o i n t team from M.T.A. and the United Nations. 
This survey produced a large number of anomalous areas one of which i s 
extensively studied i n t h i s thesis. 
The area contains various geological units, molybdenite mineral-
i s a t i o n , and some Fe, Cu, Pb and Zn Sulphides. The geological units, 
especially the intrusive rocks, are described on the basis of t h e i r 
16FEB598 i 
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f i e l d relationships, petrographic, mineralogic and structural 
characteristics, and t h e i r chemical compositions. These data provide 
evidence f o r the petrogenesis of the intrusive rocks. 
• The ore mineralogy and chemistry has been examined by reflected-
l i ^ t microscopy and electron probe. The foim and d i s t r i b u t i o n of the 
mineralisation has been investigated and compared to well-known porphyry 
deposits and other molybdenite occurrences. Some li m i t a t i o n s upon the 
time and space relationships of the mineralisation are favoured. 
Finall y lithogeocheraical exploraticn method i s applied t o the area and 
the effectiveness of t h i s technique i s discussed. 
1.2. Location and topography 
Northeastern Hirkey i s both a geographical and geological province. 
The east-west extending Pontid mountain ranges r i s e steeply from the 
Black Sea coast forming a barrier between the coast and the Anatdian 
i n t e r i o r . Because of t h i s barrier, and moist winds caning fron the 
Black Sea, the northern slopes of the Pontid mountains get the heaviest 
r a i n f a l l (around 200 on/year) i n Turkey. Accessibility to the i n t e r i o r 
i s extremely l i m i t e d due to the r o u ^ topography and dense vegetation. 
The elevation of the eastern Pontid mountain ranges gradually 
increases eastwards and reaches i t s maximum at Mount Kackar (3937 m). 
The ranges extend for approximately 600 km, from the v i c i n i t y of Samsun 
to the Russian border. I n the central part, i t s width readies 100 km. 
The studied area l i e s within the central part of the eastem 
Pontids (Pig. 1.1) at about 3 8 ° 38' of longitude and 4 0 ° 37' l a t i t u d e . 
Eineksan i s one of two hamlets i n the area and i s connected to Espiye 
town, Giresum province, by a poorly developed road along the r i v e r 
Yaglidere. Other r u r a l communities i n the area are restric t e d to the 
summer season either related to animal husbandry or forestiy. The area 
Eastern 
Pontids 
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lOOKm U-SSR. 
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FIGURE 1,1: Location and topography of the eastern Pontids and 
the Emeksan area. 
i s situated approxioately 40 km scmth of the Black Sea coast, 50 km 
north of the K e l k i t Valley, and 60 km north of the o p h i d i t i c aeries . 
and North Anatolian Paalt. 
The mountains r i s e steeply from the coast and reach a h e i ^ t of 
2814 m at Mount Akilbaba near the studied area. To the south the 
climate and vegetation change together with a decreasing elevatiofo. 
The semi-arid continental climate of the Anatolian Plateau replaces 
the maritime climate of the northern part of the Pontids and r e s t r i c t s 
the vegetation to the bottoms of va l l e y s . The climate i n the Qieksan 
area shows an intezmediate character; northern faces of the mountains 
are covered with thick forest, while southern faces are r e l a t i v e l y bare. 
The drainage system of the area ( F i g . 1.1) i s separated into two 
parts. To the northeast the streams drain generally eastwards, bat i n 
the rsnaining area they flow to the west, eventually forming major 
r i v e r s whidi flow northwards into the Black Sea. I n the study area 
streams often follow majcer f a u l t s and weak zones r e s u l t i n g from defoov 
maticn and a l t e r a t i o n t h r o u ^ repeated intrusions and mineralisation 
processes. 
The elevation of the area generally increases eastwards, from 
about 1200 m to 2331 m above sea l e v e l , except i n the northeastem 
part where i t decreases eastwards to 1600 m. 
1.3. Regional Geotectonic getting 
Turkey i s situated i n a geologically very active zone which 
extends between two old massifs, the Russian plate to the north and 
the Afro-Arabian plate to the south. I n this belt various magmatic 
and t e c t c n l c processes have produced a very ccmplicated geological 
picture. 
The Caledonian and Variscan orpgenies have only limited effects 
i n Turkey while the Alpine orogeny, i n contrast, has influenced almost 
the entire country, a l t h o u ^ i n varying manner and intensity 
(Brinkmann 1976). 
The d i v i s i o n of Turkey i n t o d i f f e r e n t erogenic belts and tectonic 
units was described as early as the beginning of t h i s century. Early 
geologists compared the erogenic belts of Anatolia with Alpine units 
and recogiised three zones. From north to south these were the Pontids, 
connected with the Alpids through the Carpathians, the intermediate 
massif of Anatolia and the Taurids, connected with the Dinarids through 
the Helenids. This c l a s s i f i c a t i o n has been developed by more detailed 
geological observations. Ami (l939) studied the stratigraphic, 
magmatic and tectonic features of the erogenic belts i n eastem and 
southeastern Anatolia and correlated them with those i n western Iran. 
He added three more tectonic units namely the Iranids, Border Folds 
and Syrian-Arabian blocks towards the south. The number of tectonic 
units has generally increased with further studies divisions being 
based on such features as metallogenic provinces and magmatic intrusions. 
The r e s u l t i n g picture was, however, mare ccmplicated. The tectonic 
units revealed by Ketin (1966) have been widely accepted. He bases the 
tectonic d a s s i f i c a t i c n on the erogenic development of Anatolia. His 
tectonic units from north to south are: 
1, Pontids 
s 2, Anatolids 
. 3. Taurids 
4. Border Folds 
Ketin showed that every tectonic u n i t has d i a r a c t e r i s t i c sedi-
mentary, volcanic, plutonic and metamorphic patterns which are related 
to i t s progenic development. 
The Pontid basement was a f fec ted by the Caledonian and Her<ynian 
movements and subsequently gabbro-dicarite and diabase were intruded i n 
the Kimmerian phase of the Alpine orogeny. Submarine volcanism was 
the prime geologioal event i n the area during the Cretaceous, Eocene 
and Miocene w i t h intermediate-acidic intrusions during the Upper. 
Eocene-Oligocene being the l a s t and most intense event i n the Pontids. 
The Anatolids contain several c rys t a l l i ne basement massives. 
The s l i g h t l y metamorphosed s t ra ta constitute a continuous series smd 
do not show the e f f ec t of Palaeozoic and Mesozoic movements. The 
ac id ic in t rus ives are Palaeocene-Eocene i n age and f o l d i n g i n the area 
belongs t o the Laramide, Pyrenean and Helvetian phases of the Alpine 
orogeny. 
The concordant Palaeozoic and Mesozoic s t ra ta of the Taurids are 
generally unmetamorphosed. S l igh t orogenic movement i n the Jurassic 
was followed by intense Upper Cretaceous movement. The l a t t e r was 
accompanied by ac id ic and basic in t rus ions . This orogeny continued 
i n to the Eocene and QLigocene. 
The Border Folds region developed as a sedimentary basin through-
put the Palaeozoic, Mesozoic and Cenozoic. Qrogenic movements during 
the Upper Cretaceous, Qligocene, Miocene and Pliocene were responsible 
f o r f o l d i n g i n the area. 
; Rilaeozoic movements have l e f t traces i n the Pontids while post 
Oligocene orogenies a f f e c t only the Border Folds. Ket in thus concluded 
that the developnent of tectonic uni ts proceeded from North t o South. 
The existence of basio-ultrabasic rocks associated wi th marine 
deposits, canmonly known as the o p h i o l i t i c series, i s one of the 
chf t rac te r i s t i c features of Turkish geology. They are generally found 
i n two zones. One outcrops i n an B-W zone at the southern border of 
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the Pontids, the other at the nccrthem side of the Border Folds (Pinar-
Ehrdem, I 9 7 4 ) . Apart from those i n the basement massives, the emplace-
ment of the u l t ramaf ic bodies and the disposi t ion of ophiol i te 
sequences are considered t o be Mesozoic and Paleocene events from 
s t r a t ig raph ic and radiometric studies (Erol 1954 and Cogulu and 
Krumraenacher ^96f i n Brinkmann 1976). The ophio l i t e sequences have 
been disrupted by submarine sl ides and deformed by th rus t ing fo l lowing 
t h e i r consolidat ion ( l l h a n 1971 ) • 
The mode of occurrence and emplacement of the o p h i o l i t i c rocks 
has long been a subject of discussion. Hess (1955) recognised that 
they.were eaplaced i n the f i r s t great deformation of a mountain be l t 
wl i i le according to Aubouin (19^1), they originated i n the deeper parts 
o f geosyndines. 
Most recent hypotheses r e l a t i n g to the o r i g i n of ophiol i tes 
conform w i t h p la te- tec tonic theory. Candy ( l 9 7 3 ) i Moores (1973) and 
Smith (1973) have revealed that the Alpine o p h i o l i t i c sequences con-
s i s t , from bottom to top, of u l t ramaf ic rocks, grading up i n t o gabbro, 
d i o r i t e and/or qua r t z -d io r i t e wi th hypabyssal mafio-intermediate rocks 
commonly present as dyke swarms. These pass upwards i n t o p i l low lavas 
which are i n tu rn overlain by rad io la r i an chert' or other deep-sea 
pelagic sediments. The s i m i l a r i t y between t h i s sequence and the 
e x i s t i n g oceanic crust has been accepted by many. Moores (op. c i t . ) 
has claimed that the presence of a t y p i c a l oph io l i t e sequence i n an 
i n t r a continental mountain system i s proof that an ocean basin has been 
l o s t during convergence of two formerly separate continents, Gass 
(1977) has envisaged the ©nplacement of ophiol i tes on the continental 
margins as a resu l t of u p l i f t mechanisms during subducticn processes. 
A plate-tectcolic model that explains the geological structures 
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and evolut ion of the Alpine system has not yet been c lear ly demonstrated. 
Various workers (e .g . Smith 1976) consider that the compressional motion 
of the-large stable cratons of Eurasia and the southein continents 
caused the closure of the Tethyan seaway and the growth of the Alpine-
Himalayan orogeny during the past 200 m.y. Dewey et a l . (1973) have 
shown that the evolution of Tethys does not involve a single, simple 
plate boundary between Sirope and A f r i c a but, instead, a constantly 
evolving mosaic of subsiding continental margins, migrating mid-oceanic 
r idges, transform f a u l t s , trenches, i s land arcs, and marginal seas. 
Z i j d e r v e l d and Voo (1973) have suggested that Turkey, as a whole, 
b e l o n ^ d to the A f r i c a n plate i n the Cretaceous and Eocene. This con-
clusion rests on t h e i r palaeomagnetic resul ts from sedimentary and 
volcanic rocks from northern Anatol ia . Smith (1976) has, however, 
pointed out that the palaeomagnetic poles created during c o l l i s i o n may 
be thermally overprinted during the l a t e r stages o f evolution of the 
orogenic be l t . Extension of the Variscan mountain bu i ld ing trend in to 
Anatol ia , and s i m i l a r i t y of the Paleozoic faunas and f l o r a s between 
Riicpe and Anatolia have been used as evidence f o r the close t i e s 
between these two by Brinkmann ( l976) . 
The existence of subduction zones, pa ra l l e l to the o p h i o l i t i c 
be l t s , have been assumed i n Anatolia by Horstink (1971)» Ataman et a l . 
(1975) and others. As a r e su l t of geochemical evidence, Pearce (1979) 
suggests that the ophiol i tes i n Cyprus-Turkey-Qnan were produced by 
spreading ini marginal or back-arc basins above shallow-dipping 
subduction zones. The depths of earthquakes i n the Aegean Sea are 
in terpre ted as r e s u l t i n g from a Beniof f zone dipping northwards at an 
angle of 30° from the Helenic trough to the south of Crete (ikpazachos 
1973). This zone can be traced, less d i s t i n c t l y , along the southern 
coast of Anatolia t o Hatay. Nearly a l l earthquakes on the mainland 
of Anatol ia are of shallow focus, having focal depths of less than 
60 km (Ergin et a l . 1967). The major earthquake zones show a s t r i k i n g 
para l le l i sm t o the o p h i o l i t i c belts (Pinar and Lahn 1952). The most 
se ismical ly act ive feature i n Turkey i s related to the North Anatolian 
Fault (F ig . 1.2) which constitutes a r i g h t - l a t e r a l s t r i k e - s l i p f a u l t . 
According to Dewey et a l , (1973), the Arabian plate i s today pushing 
the Van plate north and wedging the Turkish plate westward along t h i s 
f a u l t . Ataman et a l , (1975) consider that the North Anatolian Fault 
i s a p ro jec t ion of a palaeo-Benioff zone, manifested at the surface. 
Enay (1976) has shown that the northern o p h i o l i t i c zone repre-
sents the suture r e s u l t i n g from el imination of the wide Tethys ocean. 
He bases h i s evidence on the d i f f e r e n t Jurassic faunas from both sides 
of the ophio l i t es . Brinkraann (1976) however th inks that the Anatolian 
o p h i o l i t i c zones originated from crustal expansion. He believes, cai 
the basis of l i t h o l o g i c a l cont inui ty across the ophio l i te zone i n 
western Anatol ia , that an opening of no more than 50 t o 200 km occurred, 
r e s u l t i n g from graben-type tectonism. 
1.4. The Stratigraphy of the Eastern Pontids 
, Although the erogenic development of the Pontids reveals d i s t i n c t 
features when compared t o other tectonic uni ts of Anatolia, i t s s t r a t i -
graphy also changes i n an E-W d i rec t ion . Volcanic and in t rus ive rocks 
of Mesozoic and Ter t ia ry , age cover more than BOfo of the eastern Pontids 
but are present only to a l i m i t e d extent i n the west. Brinkmann (1971) 
considers that the western Pontids, which leave Turkish t e i r r i t o ry at 
the Bosphorus, correspond wi th the Srednogorie of B i lga r i a , He i n t e r -
prets the Thrace as an ind iv idua l c rys ta l l ine massif and northwestern 
Anatolia as the western part of the north Anatolian basement rocks. 
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I n t h i s study only the eastern Pontids w i l l be considered fu r the r . 
The geological map of the central part of the eastern Pontids 
(F ig . 1 .2) summarises the strat igraphy of the area. Following Sdiultze-
Westrum (196I ) , Gattinger et a l . (1962), Tugal (1969), Goksu et a l . 
(1974)> .Akinci ( l974) and Egin (1978), a generalised s t ra t igraphic 
column f o r the eastern Pontids can be tabulated as i n the Table 1.1, 
and summarised as fo l lows . 
1.4 .1 . The Pre-Mesozoic 
The age of the deposition and raetamorphism of the c rys ta l l ine 
basements of ISirkey i s s t i l l controversial . Brinkmann (1968) has 
suggested that the north Anatolian basement consists of Precambrian 
c r y s t a l l i n e rocks and i s devoid of early Palaeozoic rocks, Yilmaz 
(1973) has indicated a Precambrian age f o r the c rys ta l l ine massif of 
the Gumushane area based on deformation and raetamorphism by a pre-
Palaeozoic grani te . The c rys t a l l i ne rocks i n t h i s area are overlain 
by a series of arkose, sandy schists and quartzites followed by 
q u a r t z i t i c rocks wi th in terca la t ions of acidic lavas, t u f f s and l ime-
stones. These upper un i t s contain some Pernio-Carboniferous f o s s i l s . 
( Low to high-gmde raetairiorphisra of the c rys ta l l ine rodcs i s 
reported from various parts of the Pontids. The mineral assemblage 
of quartz, muscovite ( s e r i c i t e ) , plagioclase ( a l b i t e ) and ch lo r i t e i s 
revealed i n the regp'-onally metamoi^hosed slates, phy l l i t e s and quartzo-
fe ldspha t i c schists of the Gumushane region (Yilmaz 1973). The Rilaeo-
zoic g r a n i t i c to. g ranod ior i t i c intrusives have produced a mineral 
assemblage of quartz, b i o t i t e , plagioclase (oligoclase), per th i te , ' 
garnet, i ron ore anrj s i l l i c i a n i t e near to the intrusions. The Jurassic 
basal conglomerateo, overlying the intrusions, contain pebbles derived 
froni these in t rus jves . Geo chronological studies on the Gumushane 
b a t h o l i t h by Cogullu (1970) indicate an age of 300 m.y. and emplacement 
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durung the Hercjmian orogieny. 
I n the Eraeksan area, the basement rocks include pel i tes , quartz 
and feldspar-bearing mica schists and g ran i t i c in t rus ives . The 
former are meta-norphosed to low grade, according t o Winkler (1974)> 
and belong to the greenschist facies according to Turner' (1968). 
1 .4 .2 . The Mesozoic 
There are no Triass ic s t ra ta present i n the eastern Ponticis. 
Sedimentation of Liassic age s tar ts with basal sandstones but consists 
subsequently mainly of limestones and marls. They overl ie the base-
ment rocks unconformably. A f t e r an in te r rupt ion to depositicn during 
the Dogger, deposition continued with formation of saindstones, con-
glomerates, marls and marly liniestones i n the Upper Jurassic to Lcwer 
Cretaceous. The f l y s c h beds of Upper Cretaceous age consist of l ime-
stones, marls and sandstones intercalated wi th reef limestones and 
volcianic mater ial . They generally outcrop i n the southern part of the 
eastern- Pontids and have a maxi.iiium t o t a l thickness of 5300 meters. 
Further south t he i r thickness decreases (Brinkmann 1976) and ophioli tes 
penetrate them i n many places. 
Mesozoic volcanic rocks are the main geological feature of the 
area. The products of early Jurassic volcanism are reported from the 
southern and western parts of the eastern Pontids. They are represented 
by s p i l i t i z e d basalts and keratophyre near Siran (Nebert I964) . The 
magmatic rocks related to the Kure ore-deposits are s imi lar to those 
associated with Cyprus-type cjre-deposits and are included i n the Base 
Volcanic Series. 
; The Lower Basic Series forms the lo7/ermost unit of the s t r a t i -
graphic column i n most areas. An Upper Cretaceous age i s usually 
accepted f o r th i s series because of fo s s i l s found i n intercalat ions of 
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marl and limestone. They are formed of basal t ic and andesit ic lavas, 
sheets, s i l l s , dykes and breccias. Contrary to the view held by T u ^ l 
(1969) and Akinci (1974), De Geoffrey (196O), Tokel ( l973) and Egin et 
a l . (1979) liave revealed that they are t h o l e i i t i c rather than calo-
a lka l i ne . They are thought, to be related t o a Iiliddle to Upper 
Cretaceous subduct ion process. 
D a c i t i o - r h y o l i t i c rocks over l ie the Lower Basic Series conformably. 
The massive sulphide minera l i sa t ion of the Pontids i s closely associated 
wi th these rocks which are fu r the r subdivided. Two types of dacite 
( l o c a l l y named a lb i t e -dac i te I and dacite I I ) have been described from 
the east. There, urmineralised dacites overl ie the mineralised dacite 
and acid pyroclas t ic rocks. In the central part of the Pontids, the 
d a c i t i c lavas, s i l l s and dykes are succeeded by d a c i t i o - r h y o l i t i c lavas, 
t u f f s and breccias. This l a t t e r un i t contains the massive ore. Towards 
the west, the volume of acid volcanic rocks decreases. 
The d a c i t i o - r h y o l i t i c t u f f s i n the northeastern part of the 
Eineksan area res t on the basement rocks. I n the southeast, the batho-
l i t h contains exotic blocks of basalt and andesite and cuts the ac idic 
t u f f s . 5-10 km east of the Eineksan area, there are a number of Pb-Zn 
f 
veins and skam deposits i n the Cretaceous volcanic rocks. 
; 1 .4 .3 . The Cenozoie 
; S imi la r volcanism and sedimentation to that developed i n the 
Upper Cretaceous was repeated during the Ter t ia ry . This volcanic 
cycle, which i s commonly known as the Upper Volcanic Series, started 
w i t h basal t io-andesi t ic volcanism. These volcanic rocks are present • 
along the coastal region and are widespread i n the southern part of 
the Pontids. The lavas are sometimes associated w i t h agglomerates, 
t u f f s , sheets and dykes. Acid ic members of the cycle are described as 
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a daci te-rhyodaci t ic series from the northern Harsi t River area (Egin 
et a l . 1979) and as a l b i t e - d a c i t e r U f t m l h * Hopa-Murgul area (Kraeff 
1963). They exhib i t perfect columnar j o i n t i n g . The b io t i t e -quar t z -
feldspar porphyry forming a hug-e daae-shaped in t rus ive body i n the 
Lahanos -area i s included i n th i s series (Tugal 1969). Various studies 
(e .g. Tugal 1969, Tokel 1973, Akinci 1974, Egin et a l . 1979) indicate 
that the series i s calo-alkal ine . 
. The sedimentary rocks, containing character is t ic Eocene f o s s i l s , 
are developed i n a f l y s c h facies . They consist of sandstones, marls, 
shales and limestones and are i n t e r s t r a t i f i e d wi th volcanic material. 
The volcanic in te rca la t ions decrease southwards (Erentoz 1966). The 
f l y s c h has a maximum thickness of 1000 m and overlies the Upper 
Cretaceous rocks unconformably i n the east (Gattinger et a l . 1962). 
A continuous t r a n s i t i o n from Cretaceous f l y s d i in to Ter t ia ry f lysch , 
however, was noted by Goksu et a l . (l974). 
A number of i so la ted , acid to intermediate in t rus ive bodies are 
exposed i n the cores of an t ic l ines along the Pontids. They cut the 
Eocene (Lute t ian) f l y s d i (Gattinger et a l . op. c i t . Tdcel 1973) and 
therefore an Upper Eocene age i s given f o r the ear l ies t intrusions. 
Two radiometric ages of 25 and 40 m.y. B.P. were derived,from the 
biggest ba tho l i t h i n the eastern part of the Pontids by Cogulu (1971) 
i n Yilmaz (1973) and by Belaloye et a l . (1972) i n Brinkmann (1976) 
respect ively . 
At present, there i s no detailed study of these in t rus ives . 
B r i e f descriptions have been given i n various reports dealing with the 
general s t ra t igraphy and mineral isat ion. I t i s generally agreed that 
the ba tho l i ths are formed from d i f f e r e n t types of g r an i t i c rock which 
were ismplaced a t high levels i n the crust (epizone). Acidic , i n t e r -
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mediate and, less f requent ly , basic tjrpes of in t rusives have been 
recorded, 
Schultza-Westrum (196I) reported the occurrence of granodiorite, 
qua r t z -d io r i t e , granodiorlte-porphyry and q u a r t z - a l b i t i t e intrusives 
and lamprophyre dykes near Giresun. He claimed that these rocks are 
d i f f e r e n t i a t e d from a basic magna which also produced the volcanic 
rocksi He f u r t h e r observed that the intrusions developed hornblende-
b i o t i t e - h o m f e l s and hypersthene-homblende-homfels facies i n the 
volcanic rocks while t remol i te , diopside and garnet were formed i n 
banded marbles near the intrusions. A l t i n l i (1970) described the 
in t rus ives of Ikizdere , near Rize, as a l k a l i granite, pa r t l y graphic , 
a l b i t e -g r an i t e , and gamet-hornblende-biotite granodiorite, together 
w i t h r e l a t i v e l y younger dykes of diabase, lamprophyre and a p l i t e . He 
stated that the gamet-harblende-bioti te granodiorite originated from 
the ass imi la t ion of limestone. According to Gattinger et a l . (1962) 
the main b a t h o l i t h i c bodies of the eastern Pontids consist of the coarse 
grained granites at the centre surrounded by quartz-diori tes and grano-
d i o r i t e s . A l l these rock-types are cut by a number of porphyries 
varying i n composition from d i o r i t e and quar tz -d ic r i t e to granite, 
Gattinger et a l . stressed the importance of ass imilat ion during the 
ascent of the magma, along w i t h magnatic d i f f e r e n t i a t i o n . They demon-
strated that f l y s c h from the in t rus ive contact i n the area between 
Toransos and Menge, northwest of Hart, had become completely molten 
during i n t r u s i o n . Cogulu (op, c i t . ) suggested the p o s s i b i l i t y of two 
d i f f e r e n t magmas producing the complexes. Popovic (1975) claimed that 
the in t rus ives were a l l d i f f e r e n t i a t e d frcan a granodior l t l c magma 
excsept f o r the gabbrodiorltes which were formed by the ass imila t ion of 
the eixtrusive rocks by granodiorites daring t h e i r emplacement i n the 
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TatOS Mountains. 
Kamitani et a l . (1977) distinguished granodicri te and quartz-
d i o r i t e , quartz d i o r i t e porphyry, f i n e and medium-grained adamellite, 
granite-porphyry, coarse-grained adamellite, a p l i t e and syenite i n the 
Ekneksan area. The present study, however, has produced a somewhat 
d i f f e r e n t c l a s s i f i c a t i o n of the in t rus ive rocks and consequently a 
d i f f e r e n t geological map f o r the same area. I n t h i s study leucogranite 
and granodiori te are recogiised as the f i r s t intrusives. The posi t ion 
of the small quar tz -d ior i t e body i n the s t ra t igraphic column i s not 
clear but i t possibly e i ther pre-dates or i s a very early phase of the 
T e r t i a r y in t rus ions . The emplacement of adamellite and porphyr i t ic 
adamellites i s followed by microgranite, andesite-pcjrphyry and doler i te 
dykes. The leucograni t ic magna i s believed to have been derived from 
the p a r t i a l melt ing of the basement rocks. Assimila t ion of the base-
ment mater ia l by f ract ionated magma is t h o u ^ t to be responsible f o r 
the diverse composition of the granodiori te and porphyr i t i c adamellites. 
Calo-alkaline magmatism i s assumed to be responsible f o r c r y s t a l l i s a t i o n 
of the l a t e cb^ ke in t rus ions . The intrusives have raised the metamorphic 
fac ies to medium grade. Molybdenum mineral isa t ion i s re la ted to the 
p o r p h y r i t i c adamellite and microgranite intrusicms. The Pb-Zn veins 
and skarn deposits near the area were possibly related t o the micro-
grani te . 
I n the eastern Pontids, the Late lykes and Younger Volcanic Eocks 
represent the l a t e magmatism i n the region. The microgranite, andesite-
porphyry and do le r i t e dykes i n the Emeksan area probably belong to t h i s 
group. I n the eastern part of the Pontids the group includes andesites, 
basalts and o l i v i n e basalts (Kraef f 1963), together wi th dykes and s i l l s 
of d b l e r i t e which cut the g r a n i t i c in t rus ion (Popovic 1975). I n the. 
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west, according to Schultze-Westrum (196I), the sequence consist of 
basa l t i c aggLomerates, t u f f s , quartz-trachyte, trachy-andeslte, 
l e u c i t i t e , t ephr i t e , o l i v ine l e u c i t i t e , o l iv ine basalt, intercalated 
wi th sediments which are mainly marly limestones of Oligocene t o 
Miocene age. 
The red t o purple coloured sandstones and congLomerates which 
outcrop i n the south of the Pontids were deposited under continental-
c l ima t i c conditions during the Oligocene to Miocene period (Goksu et 
a l . 1974)* Sand, clay, marls, gypsum and l i g n i t e beds, formed i n 
isolated inland waters i n the south, are represented by sand, gravel 
and clay formations deposited by the Black Sea during the Neogene. 
The Pliocene sediments on the coast today stand 50 to 100 meters above 
the sea (Gattinger et a l . 1962). 
Some g l a c i a l moraine deposits are reported from the h l ^ e s t peaks 
of the eastern i)art of the Pontids. The absence of abundant pre-
Wisconsln g l ac i a t i on i n the Pontids and eastern 1\irkey, i n contrast to 
the Taurus range, i s a t t r i b u t e d to recent u p l i f t i n these areas (Birman 
1968). Alluvium i s usual ly l i m i t e d t o a narrow coastal s t r i p along the 
HLack Sea and t o the val leys of the b i g r i ve r s . Elevations of the 
stream terraces from the stream beds i n the Smeksan area are consistent 
wi th the recent u p l i f t i n g of the Pontids. 
1,5. The Geotectonic Development of the Eastern Pontids 
A b r i e f out l ine of the tectonic un i t s and geotectonic posi t ion of 
Turkey was given i n the Section 1 .3. 
According to Brinkmann (1976), the Palaeozoic material of the 
Pontidswas derived from a median massif, the so-called "Pontian Land", 
s i tua ted i n the area now occupied by the Black Sea. The presence of 
coral limestone (Tokel 1973) and c l a s t i c deposits represent a shallow 
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water environment. 
During the Carboniferous the area was u p l i f t e d by orogenic move-
ments, accompanied by g r a n i t i c i n t n i s i o n (Yilmaz 1973). This u p l i f t 
separated an area of continental sedimentaticn to the north from a 
southern area of marine facies (Brinkraann 1968). The p r inc ipa l 
Caledonian and Hercynian trends are more or less east-west and pa ra l l e l 
to the Alpine belt ( l l h a n 1971). 
I n contrast t o the widespread Triassic s t ra ta developed i n 
southern Anatolia , no Tr iass ic formation has been recorded i n the 
Pontids. "Pontid land" however, provided c l a s t i c material f o r the 
Jurassic and Cretaceous s t ra ta of the region as wel l as the minor and 
major; Caucasus (Adamia 1975). 
The character is t ic magmatism and mineralisat ion i n the Pontids i s 
usually believed to resul t from subduction processes during the Mesozoic 
and Cenozoic. Dewey et a l , (1973) have suggested that the area of 
oceanic crust beneath the Black Sea represents the remnants of Tethys 1. 
They cxLaimed that consumption of Tethys 1, along a southwards-dipping 
subduction zone along the Pontids, caused the Cretaceous and Eocene 
magmatism. The posi t ion of Tethys 1 and disposi t ion of the subduction 
zone i n the area, proposed by Dewey et a l . , are c r i t i c i s e d i n many 
studies. Ross (1974) supports the view of a newly-formed ocean f o r the 
Black Sea while Adamia (1975) suggests a late-Cretaceous-early ftdaeogene 
age f o r r i f t i n g of "Pontid land". 
As mentioned ea r l i e r , the o p h i o l i t i c rocks along the southern part 
of the present Pontids (Pig. 1.2) represent ancient oceanic crust. This 
o p h i o l i t i c zone separates the Pontids from southern Anatolia which has 
contras t ing Palaeozoic and Early Mesozoic h i s to r i e s . The d i f f e r e n t 
Jurassic faunas (Enay 1976), d i f f e r e n t magmatism, metamorphism and arc-
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genlc development (Ket in 1966) and d i f f e r e n t structures (Gattinger et 
a l . 1962) between the Pontids and Anatolids are supporting evidence f o r 
the existence of an ancient ocean. 
.Since Upper Jurassic to Lower Cretaceous limestone covers the 
o p h i o l i t i c rocks unconforraably (Pinar-Erdem 1974), the o j d i i o l l t l c rocks 
must have been eraplaced i n the Lower Mesozoic. At th i s time, the A f r o -
Arabian continent had s tar ted to d r i f t northwards causing a narrowing 
of the Tethys 1 ocean. The closure of the oceanic basin was compensated 
by development of a trench, along the southern periphery of the Pontids 
together wi th a northwards-dipping subduction zone (Harstink 1971, Tokel 
1973, ,Ataman et a l . 1975» Sej'men 1975, Adamia e t a l . 1977, Egin 1978). 
Although there i s a lack of geophysical data related to the va r i a t i on of 
crustal thickness i n the area, there are numerous l ines of evidence t o 
support the subduction process. 
Formation- of the extensive t h o l e i i t i c and calo-alkaline Upper 
Cretaceous and Eocene volcanic rocks was probably triggered by t h i s 
process. Egin et a l , (1979) revealed a va r i a t i on from an Upper Cretaceous 
t h o l e i i t i c volcanic sequence t o a Ter t i a ry calo-alkaline sequence. The 
present work shows that the Ter t ia ry magnatism became more a lka l ine 
towards the north. 
The t h i c k Mesozoic and Ter t ia ry sedimentary rocks generally occur 
between the volcanic rocks and o p h i o l i t i c be l t . The o p h i o l i t i c melange, 
described by l l h a n ( 197I ) as complex occurrences of sedimentary f o r -
mations and ophio l i tes , and shown i n the Figure 1,2 as "Mof", occurs co 
the inorthem side of the main o p h i o l i t i c be l t , Ri is association 
possibly suggests the former presence of a trench (Dewey and Bi rd 1970). 
Detailed s t ruc tura l studies by Seymen ( l975) i n the K e l k l t va l ley 
region, nor th of the o p h i o l i t i c zone, showed that a convergent plate 
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margin existed there from the Early Cretaceous to the Miocene. I n the 
southern Pontids f l y s c h beds are folded about B-W axes and several 
overthrust planes are orientated i n the same d i rec t ion ind ica t ing com-
pression i n the N-S d i r ec t ion . 
According to the metamorphic facies maps of Turkey (Kaaden 1971, 
Bingol 1974), the grade of metamorphism i n the Mesozoic formations of 
the southern Pontids decreases northwards from the high pressure-low 
temperature glaucophanitic facies to the prehnite-pumpellyite facies. 
The nature of the thermal s tructure, near convergent plate junctions, 
produces an ocean-wards r e l a t i v e l y high pressure, low temperature meta-
morphic b e l t (Ernst 1975). Appl icat ion of t h i s strengthens the case 
f o r a northwards inc l ined subduction zone beneath the Pontids. 
" The above view can be f u r t h e r v e r i f i e d wi th the va r i a t i on of 
K^O content o f the magmatic rocks across the Pontids. Increase of the 
content of superjacent igneous rocks i n the down-dip d i rec t ion has 
been considered one of the key indicators of subduction zones (Dickinson 
and Hatherton I967, Green and Ringwood 1968, (^ndy 1973, Dickinson 1975, 
Smith 1976). Adaraia et a l . (1977) have revealed that the KgO content 
increases from south to north, away from the o p h i o l i t i c zone, i n the 
Mesozoicaand Palaeogene volcanic rocks of the Minor Caucasus. The 
present study also indicates a northwards increase i n K^O content of 
the Te r t i a ry igneous roc^s o f the Pontids. 
nie microfaunas found i n the northern Harsi t River area suggest a 
deep marine environment during the Upper Cretaceous and shallow water 
subaerial conditions during the Ter t i a ry ( Egin 1978). Towards the end 
of the Eocene the Pontid be l t was u p l i f t e d by the g ran i t i c to grano-
d i o r i t i c in t rus ives . These intrusions were shor t ly followed by a series 
of dlykes and volcanic rocks. 
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Along the southern p a r t o f the Pont ids , the Lower Miocene marine 
depos i t s g r a d u a l l y changed i n t o f r e s h - w a t e r format ions ( G a t t i n g e r e t 
a l , 1962), The v e r t i c a l movement w h i d i e leva ted the Pontids a f t e r the 
Oligocene was poss ib ly associa ted w i t h the r i f t i n g i n the Black Sea. 
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CHAPTER TWO 
FIELD OCCUHRENCE AND PETROGRAPHY 
2 . 1 . I n t r o d u c t i o n 
The geology and e v o l u t i o n of the host - rocks are impor tant 
f a c t o r s i n the e x p l o r a t i o n f o r ore depos i t s . The f i e l d occurrence and 
petrography o f the rock types are described i n t h i s chapter and the 
minera logy and s t r u c t u r a l geology w i l l be examined i n Chapters 3 and 4 . 
The 1:500,000 scale g e o l o g i c a l ra.ap o f Turkey shows tha t the 
2 
Emeksan i n t n i s i v e rocks cover an area s l i g h t l y more than 1 00 km . The 
i n t r u s i o n cons i s t s of g r a n i t e , g r a n o d i o r i t e and q u a r t z - d i o r i t e and 
outcrops between Upper Cretaceous and Eocene v o l c a n i c rocks i n space. 
D e t a i l e d g e o l o g i c a l and minera l e x p l o r a t i o n s tud ies wei?e c a r r i e d a i t 
r e c e n t l y by Kamitani e t a l . (1977) around the Eineksan-Gakildag area. 
Only a g e o l o g i c a l map and a few f i ^ v r e s f r a n t h i s . w o r k were a v a i l a b l e 
t o t h e w r i t e r . 
The present study i s conf ined to the area which shows Cu-Mo 
m i n e r a l i s a t i o n . This area was a l s o de f ined as a geochemically anoma-
lous r e g i o n f o r Cu and Mo i n stream sediments ( M . T . A . - Un i t ed Nat ions , 
1973)^ A geo log i ca l map on a scale o f 1:10,000, cover ing an area of 
app rox ima te ly 50 km , was prepared as a r e s u l t o f the present work 
( P i g . : : 2 , l ) . I t shows the var ious i n t i u s i v e phases, metamorphic and 
p y r o c l a s t i c rocks . Contact r e l a t i o n s h i p s , m i n e r a l contents smd t ex tu res 
shown; by the rocks i n d i c a t e d v a r i o u s k inds o f i n t r u s i o n . A l t e r a t i o n i s 
not v e r y in tense a^ay f rom the m i n e r a l i s a t i o n , and thus d i s t i n c t i o n 
between rock u n i t s i s u s u a l l y poss ib le i n the f i e l d . The l a r g e number 
o f sainples c o l l e c t e d f o r a l i t h o c h e m i c a l e x p l o r a t i o n study have pro-
v i d e d a f u r t h e r chajnce to review , the rock types and the g e o l o g i c a l map 
i n the l a b o r a t o r y . P r o f i l e s a long the watercourses and roads were 
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GEOLOGICAL MAP OF THE EMEKSAN AREA. 
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FIGUHfi 2 .1 :Goological map of the Emeksan area . 
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p a r t i c u l a r l y important t o the geo log ica l i n t e r p r e t a t i o n . Exposures 
on the r i d g e s and south- faces of the mountains were a l so recorded 
( P l a t e 2 . 1 , 2 ) . The absence of exposures i n o ther areas, where t h i c k 
v e g e t a t i o n created d i f f i c u l t y du r ing mapping have been overcome by 
c o r r e l a t i o n w i t h ad jacen t areas. 
The E n g l i s h equ iva len t s of some o f the TAiricish words f o r place 
and topographic f e a t u r e s are g iven below: 
Tepe ( T . ) • H i l l , peak 
Dere ( D . ) Stream 
I f e h a l l e (Mah. ) Hamlet 
2 . 2 . C l a s s i f i c a t i o n 
The igneous rocks are g e n e r a l l y c l a s s i f i e d on the basis o f t h e i r 
minera l assemblage. Since chemical compositions of the rocks are r e l a t e d 
t o t h e i r minera logy , they are a l s o emploj'ed i n the c l a s s i f i c a t i o n , 
e s p e c i a l l y o f the v o l c a n i c rocks . The s i l i c a percentage i s considered 
t o be an impor tant d i a g n o s t i c character of the igneous rocks and i s 
o f t e n used f o r t h i s purpose (Read and Watson 1977)» 
• The P l u t o n i c rocks c o n t a i n i n g less than 90 per cent maf i c 
mine ra l s are d iv ided accord ing t o t h e i r p o s i t i o n i n the q u a r t z - a l k a l i 
f e l d s p a r - p l a g i o c l a s e - f e l d s p a t h o i d d o u b l e - t r i a n g u l a r diagram (St reckeisen 
1976) . Al though t h i s diagram has been w i d e l y accepted by many p e t r o l o -
g i s t s , i t i s not alone s u f f i c i e n t t o separate a l l i n t r u s i v e rocks o f the 
Emeksan area as severa l rock types f a l l i n the " g r a n i t e " f i e l d . The 
term " g r a n i t e " has been used i n several d i f f e r e n t senses, w h i l e Hatch et 
a l . (1975) have suggested t h a t the term "adame l l i t e " covers most o f the 
" g r a n i t e " f i e l d o u t l i n e d i n S t r ecke i sen ' s diagram. The names o f 
cciloured or accessory mine ra l s , r e l a t i v e l y enr iched i n the rode, are 
sometimes placed be fo re the term " g r a n i t e " t o describe the rock more 
s p e c i f i c a l l y . 
Pla t e 2 . 1 : Looicing nor thwest f rom Top Tepe. The stream i s E s e n l i Here, 
The r i c ^ a t the centre and r i ^ t - h a n d s ide i s capped by 
the g m n o d i o r i t e . 
H a t e 2 . 2 : Lodc ing ncrtfanest f rom the southeast ctnsier o f the area . 
Emeksan i s a t the l e f t - h a n d s i de . The peak a t t he 
o ^ t r e i s E i z i l t a s Tepe. 
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The g r a i n - s i z e and t e x t u r e o f the i ^ e o u s rocks are o ther impor-
t a n t v a r i a b l e s i n the c l a s s i f i c a t i o n (Hyndman 1972). Magnatic rocdcs 
thus have g e n e r a l l y been d i v i d e d i n t o th ree major categor ies ; P l u t o n i c , 
Hypabyssal and Vo lcan i c . However, g r a i n - s i z e may va ry i n a p a r t i c u l a r 
igneous rock or may be s i m i l a r i n rocks produced i n d i f f e r e n t g e o l o g i -
ca l environments . 
To c l a s s i f y t h e igneous rocks o f the Eineksan area several 
c r i t e r i a were considered. The modal and normative m i n e r a l o g i c a l 
ccmposi t ion o f the rocks were p r i m a r i l y considered, a l though some 
p r e f i x e s used t o descr ibe g r a i n - s i z e t e x t u r e and co lour index o f the 
rocks were dropped. 
; The f o l l o w i n g u n i t s may be recognised i n the area, 
9 . D o l e r i t e , 
8. Andesi te porphyry, 
7. M i c r o g i a n i t e , 
6 . A d a m e l l i t e and p o r p h y r i t i c a d a m e l l i t e , 
5' G r a n o d i o r i t e , 
4 . Leucograni te and contaminated l e u c o g r a n i t e , 
3 . Q u a r t z - d i o r i t e , 
2 . l y r o c l a s t i c rocks , 
1 . Basement r o c k s . 
The g e o l o g i c a l u n i t s shown by Kamitani e t a l , (1977) f o r the 
Emeksan i n t r u s i v e rocks a re s i m i l a r t o the above c l a s s i f i c a t i o n . 
Kami t an i e t a l . (1977) have mapped the l e u c o g r a n i t e and the va r ious 
a d a m e l l i t e s as a s i n g l e f o r m a t i o n under the name "coarse gra ined 
a d a a i e l l i t e " . Conversely they separated the m i c r o g r a n i t e i n t o d i f f e r e n t 
r o c k groups w i t h the names f ine-medium grained a d a m e l l i t e , g r a n i t e -
porphyry , a p l i t e and s y e n i t e . I n t h e i r g e o l o g i c a l map, these rocks 
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a l s o encompass p a r t of the g r a n o d i o r i t e and contaminated l eucogran i t e . 
They d i d n o t c l a s s i f y the d o l e r i t e and andesi te porphyry dykes. 
2 , 3 . F i e l d occurrence and petrography 
> 2 . 3 . 1 . Basement rocks 
I The basement rocks are charac te r i sed by a weakly-developed 
sch i s tose t e x t u r e r e f l e c t e d by the p a r a l l e l i s m o f micaceous minera l s . 
This t e x t u r e i s l a r g e l y destroyed near i n t r u s i v e contacts . The t e x t u r e 
imp l i e s t h a t these rocks have undergone r e g i o n a l metamorphism before 
the Mesozoic, as discussed i n the s e c t i o n on the r e g i o n a l geology. 
The basanent rocks are g e n e r a l l y exposed i n the nor the rn p a r t of 
the area where the topography reaches some of i t s h ighes t po in t s ( H a t e 
2 . 3 , 4 ) * Fur the r n o r t h outs ide the mapped area they agp.in outcrop 
i n d i c a t i n g t h e i r presence below the p y r o c l a s t i c rocks . Some d i sc re te 
bodies and small b locks showing s i m i l a r mineralogy and t e x t u r e are 
observed i n the g r a n o d i o r i t e and p o r p h y r i t i c adamel l i t e i n the N.W. 
pa r t o f the area. Exposures of the b igge r bodies of these rocks may 
be seen around the Kumya mah. d i s t r i c t and near Kababuruh tepe. 
The m i n e r a l o g i c a l composi t ion o f the basement, rocks v a r i e s con-
s i d e r a b l y . Near t h e i r contact w i t h the p y r o c l a s t i c rocks d i l o r i t e 
dominates i n the rock . I n o the r places, the p r o p o r t i o n of quar tz and 
f e l d s p a r t o micaceous mine ra l s increases . The metamorphic rocks were 
probiably der ived f rom p e l i t i c sediments and f rom quai r tz - fe ldspar 
b e a r i n g sedimentary rocks a l though the f e l d s p a r s may p a r t l y fo rm f rom 
the breakdown of micaceous minera ls w i t h i nc r ea s ing degree of metamor-
phism. Some igneous rocks present i n the s d i i s t s pos s ib ly belong to 
t h e : b a 3 e m e n t rocks (Sample 274) . This rock i s coarse-grained, a deep 
p i n k i s h co lou r and does not c o r r e l a t e w i t h the T e r t i a r y i n t r u s i v e 
rocks i n e i t h e r t e x t u r e or m i n e r a l o g i c a l f e a t u r e s . I n the Kumya Mah. 
basement r ocks granodionre 
microgranite 
Plate 2 , 3 : Looking from Top Tepe towards the NWN, The contact between 
the g i a n o d i o r i t e and basement rocks i s near the centre o f 
the r idge and i n c l i n e d towards the l e f t . 
P la te 2 . 4 : General view of the basement rock i n the background. Note 
the l a n d s l i d e s . The foreground i s m i c r o g r a n i t e . The 
p i c t u r e was taken f r o m Top Tepe locdcing towards the n o r t h . 
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d i s t r i c t , a f i n e - g r a i n e d magmatic rocks i s a l so i nc luded i n the base-
ment r o c k s . P lag ioc lase (o l igoc la se -andes ine ) l a t h s and minor 
emphibole are disposed randanly i n a groundmass composed p r i n c i p a l l y 
o f quar tz and K - f e l d s p a r . The rock i s unusua l ly enr iched i n a p a t i t e 
w h i l e r u t i l e and c a l c i t e are a l so present . Smal l , and occas iona l ly 
l o n g , b i o t i t e c r y s t a l s found i n zones appear t o be developed as a 
r e s u l t o f r e c r y s t a l l i z a t i o n a long diagonal j o i n t planes. These 
f e a t u r e s which a re absent i n o ther i n t r u s i v e rocks and presence o f 
the s c h i s t s nearby may suppor t a basement age f o r t h i s igneous rock. 
The g r a i n s i ze o f the metamorphosed sedimentary rocks ranges 
f rom f i n e to medium and a l though the terms p h y l l i t e or s l a t e may be 
a p p r o p r i a t e i n some ins tances the term qua r t z - f e ld spa r -mica s c h i s t 
w i l l „be used f o r a l l metamorphosed pre-Mesozoic sedimentary rocks . 
C h l o r i t e and quar tz are the predominant minerals i n the basement 
rocks away f r o m the T e r t i a r y i n t r u s i v e s . Feldspars are r i d i i n i n c l u -
s ions and t w i n n i n g i s absent. S e r i c i t e and c l i n o z o i s i t e a re a l so 
observed. Magnet i te minera ls are u s u a l l y enveloped or t o t a l l y replaced 
by hemat i t e . Rounded and subidicmorphic z i r c o n , a p a t i t e and r u t i l e are 
present as accessory mine ra l s . 
Towards the g i ^ o d i o r i t e and p o r p h y r i t i c adame l l i t e contacts , the 
minera logy o f the basement rocks changes around 500 m f rom the contact , 
f e l d s p a r s and muscovite ( s e r i c i t e ) become more abundant w i t h p o l y -
s y n t h e t i c t w i n n i n g deve lop ing i n the p l ag ioc l a se {An.^^_^^). An 
i n t i n a t e a s s o c i a t i o n between muscovite and ore mine ra l s may i n d i c a t e 
the , rep lacement o f c h l o r i t e w i t h an i n c r e a s i n g degree o f metamorphism. 
A much d i f f e r e n t minera l assemblage i s found m a r the i n t r u s i v e 
r o c k s . B i o t i t e appears as smal l f l a k e s and occasional porphyroblas ts . 
Muscovi te and secondary c h l o r i t e are observed i n some sec t ions . 
32 
Garnet, pa l&- redd i sh i n co lour , occurs as aggregates i n some samples. 
Since g a r n e t - r i c h samples ( e . g . 273) are r icdi i n Fe and poor i n Mn, 
they may be near almandine i n composi t ion. C h l o r i t e , f o rming r a d i a l 
c r y s t a l s , sometimes rep laces the garnet (199B ) . P lagioc lase (An2^_-jg) 
and K - f e l d s p a r are enr iched i n t h i s zone r e l a t i v e t o those found i n 
the s i m i l a r rocks o c c u r r i n g away from the i n t r u s i o n s . The K - f e l d s p a r 
shows a p o i k i l o b l a s t i c t e x t u r e enc los ing the p l ag ioc l a se , b i o t i t e and 
q u a r t z , Quartz and f e l d s p a r s tend t o increase i n s i ze towards the 
contacts and show very i r r e g u l a r boundaries. Hornblende i s only r a r e l y 
recorded occurring- i n amall blocks o f basement rocks enclosed i n the 
g r a n o d i o r i t e . Al2SiO^ minera ls ( a n d a l u s i t e , s i l l i m a n i t e and k y a n i t e ) 
have not been recognised i n the area. 
The m i n e r a l o g i c a l data i m p l i e s t h a t the grade of metamorphism 
increases towards the i n t r u s i v e boundaries. Exis tence o f c h l o r i t e and 
c l i n o z o i s i t e t oge the r w i t h the sch i s tose t e x t u r e i n d i c a t e t h a t t h e 
basement rocks were sub jec ted t o low-grade r e g i o n a l metamorphism of 
g reensch i s t f a c i e s (Turner 1968, Miyash i ro 1973, Wink le r 1974). 
The presence of the o l igoc lase-andes ine , b i o t i t e and garnet , 
t oge the r w i t h the disappearance of pr imary c h l o r i t e near the i n t r u s i o n s 
suggests t h a t the metamorphic f a c i e s increased t o medium-grade (Vlfinkler 
1974) or amph ibo l i t e f a o i e s (Turner 1968, I^ iyoshi ro 1973) due t o the 
emplacement o f the T e r t i a r y i n t r u s i v e rocks , 
Development o f the metamorphic minerals l a r g e l y depends on the 
r o c k composi t ion , pressure and temperature. The above m i n e r a l o g i c a l 
assemblages may be developed f rom the p e l i t i c and q u a r t z - f e l d s p a t h i c 
rocks . The absence o f the Al2SiO^ minera l s i n the amphibo l i t e f a c i e s 
i s p robably r e l a t e d t o the r e l a t i v e l y h i g h K2O content o f the basement 
r o c k s . The presence o f garnet may. imply a medium-pressure metamorphic 
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environment d u r i n g i n t r u s i o n of the T e r t i a r y rocks . As 3ham below, 
c o r d i e r i t e occurs i n the p j - r o d a s t i c rocks . The co-exis tence o f 
alraandine and c o r d i e r i t e i n a metamorphic zone would i n d i c a t e a 
pressure o f 4 t o 7 kbar (Turner I968 , Wink le r 1974). This pressure 
range i s s l i g h t l y h i ^ e r than produced by the estimated thickness o f 
Mesozo io -Te r t i a ry v o l c a n i c rocks , i n the no r the rn Pontids ( A k i n c i 1974)» 
The disappearance of muscovite and presence of K- fe ld spa r suggests t h a t 
t h e metamorphisra was r a i s e d t o the high-temperature pa r t o f the amphi-
b o l i t e f a c i e s . This overlaps the minimum-melting temperature of 
g r a n i t e s . 
2 . 3 . 2 . P y r o c l a s t i c rocks 
I n the n o r t h e r n p a r t o f the area the country rocks show weakly 
developed beddingsplanes, i n s t ead of schis tose t e x t u r e (P l a t e 2 . 5 ) . 
S i m i l a r rocks are seen i n the southeastern pa r t of the area and i n the 
western p a r t o f Kara Tepe. 
These p y r o c l a s t i c rocks show the e f f e c t s o f the metamorphism and 
sanetimes o f the hydrotherraal s o l u t i o n s near t o the i n t r u s i o n s . They 
must be formed, t h e r e f o r e , be fo re the emplacement o f the T e r t i a r y 
i n t r u s i v e rocks . I n the r e g i o n a l map ( F i g , 1 . 2 ) , they are g i v e n an 
Upper. Cretaceous age. 
The p y r o c l a s t i c rocks are main ly composed of quar tz and fe ldspars 
whose g r a i n - s i z e s vary around one m i l l i m e t e r .. The quar tz and fe ldspa r s 
a re embedded i n a f i n e g ra ined groundraass and t h e i r p ropor t ions d i f f e r 
f r o m sample t o sample be ing absent i n some places . The quartz occurs 
as rounded and subid iomorphic , corroded c r y s t a l s . I t i s occas iona l ly 
surrounded by v o l c a n i c g lass f o r m i n g a 0.2 t o 0.6 mm t h i c k mant le . I t 
f r e q u e n t l y shows i r r e g u l a r cracks. The f e ld spa r s are g e n e r a l l y clouded 
or comple te ly a l t e r e d t o s e r i c i t e (muscovi te) and clay minera l s . The 
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Pla te 2 . 5 : P y r o c l a s t i c rocks, sample l o c a l i t y 27O. Note the weakly-
developed bedding planes. 
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groundraass i s a l so l a r g e l y a l t e r e d to s e r i c i t e , c l ay minera ls and Fe 
oxides . I n the groundmass, some pieces o f v o l c a n i c g lass , up t o 0.5 mm 
i n diameter , were recognised. They sometimes shon p e r l i t i c p a r t i n g and 
f e l d s p a r s p h e r u l i t e s . Very l i m i t e d amounts of c a l c i t e , z i r c o n and 
secondary c l i l o r i t e were recorded i n some samples. C l a s t i c m a t e r i a l 
composed of h i g h l y a l t e r e d f e ldspa r s amy a l s o be present i n smal l 
amounts. 
These rocks are f i n e - g r a i n e d w i t h v o l c a n i c glass and c l a s t i c 
m a t e r i a l subordinate t o the c r y s t a l l i n e components. They may thus be 
termed c r y s t a l t u f f s a l t h o u ^ they may a l so be c l a , s s i f i e d as r h y o l i t i c 
and d a c i t i c t u f f s acco rd ing t o t h e i r m ine ra log i ca l and chemical com-
p o s i t i o n . A r e l a t i v e l y l a r g e r b lock i n the eastern pa r t o f the 
g r a n o d i o r i t e i n t r u s i o n ( R I I A ) i s of b a s a l t i c or a n d e s i t i c composit ion. 
Somewhat d i f f e r e n t m i n e r a l o g i c a l assemblages were produced i n 
the p y r o c l a s t i c rocks as a r e s u l t o f raetamortjhism. I n the most 
b a s a l t i c sample, ga rne t and epidote aggregates were developed w h i l e 
hornblende was l a r g e l y a l t e r e d t o c h l o r i t e . I n the rocks from the 
southeas tern pa r t of the area, garnet c r y s t a l s reach 1.5 nim i n diameter 
and occas ionc i l ly show zoning . P o i k i l i t i c porphyroblas ts o f p lag ioc lase 
develop, they are o l igoc lase-andes ine i n composi t ion (An^^^^). I n the 
n o r t h e r n p a r t o f the area c o r d i e r i t e develops as rounded or hexagonal 
c r y s t a l s o f about 0.5 mm diameter showing c h a r a c t e r i s t i c p e n e t r a t i o n 
t w i n n i n g . The c r y s t a l l i z a t i o n o f the garnet and c o r d i e r i t e may be 
p a r t l y c o n t r o l l e d by the FeO/fJgO r a t i o o f the rock (Wink le r 1974) and 
t h e i r co-exis tence i s i n d i c a t i v e o f the pressure range 4-7 Kbar. 
X e n o l i t h s occur i n the ad.amell i te exposed I n Yarorman Dere 
around sample 014E. They occur as s p h e r i c a l t o subrounded, medium t o 
f i n e - g r a i n e d b locks , hav ing diameters ' f rom a few centimeters t o one 
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meter. I n t h i n sec t ions , l a t h s o f emphibole and p l ag ioc l a se (andesine) 
a re randomly arranged i n a quar tz and K - f e l d s p a r groundmass. The 
p o i k i l i t i c t e x t u r e shown by the above mineral assemblage i s unusual and 
not shown by other i n t r u s i v e rocks . Small pieces shewing these 
f e a t u r e s are also found i n some a d a m e l l i t e samples ( i l 3 9 ) . The r e l a t i v e l y 
l a r g e r g r a i n s o f p l ag ioc l a se (An^^_^^) p o s s i b l y developed d u r i n g meta-
morphism, Epidote minera l s are g e n e r a l l y associated w i t h amphibole and 
the rocks a l s o con ta in h i ^ amounts of r u t i l e and a p a t i t e . The data 
suggest t h a t these f o r e i g n b locks may represent remnants of o lder 
igneous rocks and t h a t they were p o s s i b l y der ived f rom a n d e s i t i c or 
b a s a l t i c rocks be long ing t o the Lower Basic Ser ies of the Pont ids , I t 
i s , however, a l s o pos s ib l e t h a t these x e n o l i t h s represent an e a r l y 
c r y s t a . l l i z e d phase o f the i n t r u s i v e sequence. 
; 2 ,3 ,3 , Q u a r t z - d i o r i t e 
The s i z e and d i s t r i b u t i o n o f q u a r t z - d i o r i t e i s very l i m i t e d i n 
the area, A small body (0,01 1cm ) o f the q u a r t z - d i o r i t e i s observed 
i n the basement rocks , near the E s e n l i p o r p h y r i t i c adamel l i t e w h i l e a 
f u r t h e r s i m i l a r i n t r u s i o n occurs outs ide the area again i n t r u s i v e i n t o 
t h e s c h i s t s . 
The q u a r t z - d i o r i t e i s s t r o n g l y a l t e r e d t o c h l o r i t e , d a y minera ls 
and Fe oxide minera l s near the E s e n l i p o r p h y r i t i c adame l l i t e contact . 
I t i s cu t by a a j ides i t e porphyry dyke. I t s contact a ^ i n s t the base-
ment rocks i s sharp. . 
The q u a r t z - d i o r i t e i s a medium-grained rock , has an i r r e g u l a r 
hyp id iomorph ic g ranu la r t e x t u r e and h i ^ e r co lour index than other 
i n t r u s i v e r o c k s . I t ma in ly cons i s t s of p lag ioc lase and araphibole these 
two f o r m i n g around 80 per cent of the rock . The p lag loo lase i s main ly 
andesine a l though some l a b r a d i o r i t e has been i d e n t i f i e d . The hornblendes 
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are ve ry i r r e g u l a r i n shape and appear t o f i l l the i n t e r s t i c e s o f the 
p l a g i o c l a s e s . They sometimes shov7 l a m e l l a r t w i n n i n g . Quartz a l s o 
occurs i n considerable amount (10-15 per c en t ) . A sample ( 5 ' 9 ) f r o m 
the s tock near the E s e n l i p o r p h y r i t i c adarae l l i t e shows a network o f 
zones i n which a l l the cons t i t uen t s of the rock are f i n e grained 
i n d i c a t i n g p a r t i a l r e c r y s t a l l i z a t i o n . B i o t i t e i s r e s t r i c t e d t o these 
zones and has o f t e n c r y s t a l l i z e d a f t e r hornblende. K- f e ld spa r i s ve ry 
subord ina te , l e s s than 5 per cent, and most ly occurs i n the r e c r y s t a l -
l i z e d zones. R u t i l e , z i r c o n and magneti te c r y s t a l s are found as 
accessory mine ra l s . The p ropor t ions o f the minerals c o r r e l a t e w i t h 
t h e q u a r t z - d i o r i t e f i e l d o f S t reckeisen (1976) . 
Gabbro, d i o r i t e and q u a r t z - d i o r i t e g e n e r a l l y occupy l a r g e areas 
i n o ther b a t h o l i t h s o f the eas tern Pontids ( K o p r i v i c a 1976). Apar t 
f r o m the l a t e hypabyssal rocks , the q u a r t z - d i o r i t e i s the most basic 
i n t r u s i v e rock i n the Emeksan area. I t s d i s t r i b u t i o n and contact 
r e l a t i o n s h i p s may i m p l y t h a t i t i s one o f the e a r l i e s t i n t r u s i v e 
phases i n the area a l though i t miy a l so be argued t h a t i t was i n t r u d e d 
b e f o r e t h e T e r t i a r y and thus does not belong t o the same s u i t e as the 
other i n t r u s i v e rocks o f Emeksan. The chemical composi t ion of the 
q u a r t z - d i o r i t e i s d i s t i n c t i v e and suggests tha t the second p o s s i b i l i t y 
i s more l i k e l y . I n con t ra s t t o the other i n t r u s i v e s a l k a l i elements 
a re a.t low l e v e l s i n d i c a t i n g a t h o l e i i t i c a f f i n i t y . The t h o l e i i t i c 
na tu re o f the Upper Cretaceous magmatic rocks o f the Pontids have been 
demonstrated by severa l authors ( e . g . Egin e t a l . 1979). 
2 . 3 . 4 « Leucograni te and contaminated l eucogran i t e 
' The l e u c o g r a n i t e may be recognised i n the f i e l d by i t s l i g j i t 
c o l o u r and r e l a t i v e l y l a r g e r g r a i n s i z e . The main outcrop l i e s between 
Emeksah and Kababurun Tepe where i t covers the peaks of the h i l l s 
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( e . g . Ke l Tepe), and o v e r l i e s the g r a n o d i o r i t e ( E l a t e 2 , 6 ) . A s i m i l a r 
but r a t h e r s iaa l le r l eucog ran i t e body i s exposed i n the Kumya ISah. 
d i s t r i c t . I n upper E s e n l i dere, the l eucx»g ran i t e i s contaminated by 
quar t z-f" elds par-mica s c h i s t s of the basement rocks . 
The contaminated leucogranifce has a t r a n s i t i o n a l boundary aga ins t 
the basement rocks . The contact r e l a t i o n s h i p s o f the l eucog ran i t e w i t h 
the basement rocks are observed on ly i n a road sec t ion near Kumya Mah. 
The con tac t i s t r a n s i t i o n a l over 1-2 meters ( H a t e 2 ,7 ) and the country 
rock i s cut by i r r e g u l a r pegma t i t i c v e i n s . Other i n t r u s i v e rocks 
s h f i r p l y cut and u n d e r l i e the l eucog ran i t e and contaminated l eucogran i t e 
w i t h contac ts d i p p i n g up t o 6 0 ° - 7 0 ° f rom the h o r i z o n t a l . This i s 
s i m i l a r t o t h e i r contacts w i t h the co imt iy rocks . For example, the 
p o r p h y r i t i c adarae l l i t e cuts the l e u c o g r a n i t e a t 4 0 ° - 5 0 ° i n the same 
road s e c t i o n , near Kun^ya Iilah., t h a t i t cuts the g r a n o d i o r i t e a t a 
s i m i l a r ang le . 
The contaminated l e u c o g r a n i t e was s t r o n g l y deformed and a l t e r e d 
by the g r a n o d i o r i t e i n t r u s i o n . The rock i s i n t e n s e l y cut by f r a c t u r e s 
and f a u l t s f o r m i n g passageways f o r molybdeni te and Pe sulphides 
deposi ted by l a t t e r hydrothermal events. Such l a r g e scale deformat ion 
i s not seen i n the l e u c o g r a n i t e which has a subhor i zon ta l contact w i t h 
the g r a n o d i o r i t e . Here the l eucogran i t e s are cu t by va r ious f i n e 
g r a ined zones and minute f r a c t u r e s , some of which show movement on a 
sma l l s ca l e . Some p l a g i o c l a s e and quar tz c r y s t a l s a l s o show the 
a f f e c t s o f s t r a i n imposed d u r i n g or l a t e r than t h e i r c r y s t a l l i z a t i o n . 
No systemat ic a l t e r a t i o n p a t t e r n or change i n g r a i n s ize occurs 
towards the. contact between the l eucogran i t e s and other i n t r u s i v e 
r o c k s . ' No c h i l l e d contacts have been observed. Larsen (1948) has 
p o i n t e d ou t , however, t h a t c h i l l e d contacts and a f i n e - g r a i n e d ground-
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P la te 2 .6 : Leucograni te u n d e r l a i n by g r a n o d i o r i t e , 
approximate ly one k i l o m e t e r east o f 
Emeksan. 
Hate 2.7: Transional contact between leucogranite 
on the l e f t and metamorphosed, 
intermediate igneous rock, near 
Kumya Mah. 
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mass are r a r e where the w a l l rocks were hot due t o deep b u r i a l . Ea r ly 
c r y s t a l l i z a t i o n o f the l eucogran i t e s r e l a t i v e t o the o ther T e r t i a r y 
i n t r u s i v e rocks seems v e r y l i k e l y i n terms o f t h e i r contact r e l a t i c o -
sh ips and de fo rma t ion . 
Samples o f the l e u c o g r a n i t e f rom the l a r g e r i n t r u s i o n u sua l l y 
have a u n i f o i i n g r a i n s i ze o f around 4 to 6 mm diameter considered t o 
be medium t o coarse (Read and Watson 1977). The g ra ins are occas iona l ly 
inhcanogeneous, enc los ing or sur rounding s i m i l a r or d i f f e r e n t minera ls . 
I n the smal l b lock near Kumya Mah., l a r g e r g r a in s are embedded i n a 
f i n e - g r a i n e d groundinass ( 0 . 1 - 0 . 4 mm) c o n s i s t i n g o f s i m i l a r minera l s . 
This change i n the g r a i n - s i z e of the l e u c o g r a n i t e towards Kumya Mah. 
may be c o r r e l a t e d w i t h a s i m i l a r change i n the ne ighbour ing q u a r t z -
f e l d s p a r - m i c a s c h i s t s i n whJLch porphyroblas t s are developed i n a f i n e -
g ra ined groundmass. 
Modal analyses o f th ree c h a r a c t e r i s t i c l e u c o g r a n i t e samples are 
given below: 
R30 200 
Quartz 34-0 30.4 29.4 
K-Feldspar ( i n c l u d i n g p e r t h i t e ) 57.9 .61 .1 6O.5 
ELagioclase 7-1 8.5 8.7 
. B i o t i t e 0.1 . 0 . 0 0.3 
•Accessoiy mine ra l s 0.9 0.0 1.1 
The l eucogran i t e s have approximate ly equal amounts o f normative 
quar tz (32.20^o), o r thoc lase (30.61^) and a l b i t e ( 3 2 . 8 5 ^ ) . 
The na in r o c k - f o i m i n g mine ra l s , quar tz and the f e l d s p a r s , have 
i r r e g u l a r boundaries and no i d i o m o r i j h i c c r y s t a l o u t l i n e s . Vary ing 
degrees of undu la to ry e x t i n c t i o n may be seen i n the quar t z . Feldspars 
showing d i f f e r e n t e x t i n c t i o n angles and/or t w i n n i n g d i r e c t i o n s are 
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commonly grouped toge the r for ra ing l a r g e compound g r a i n s . Most o f the 
p l ag ioc l a se i s found i n the a l k a l i f e l d s p a r as p e r t h i t e a l t h o u ^ seme 
does occur separa te ly , f o r m i n g less than t en per cent o f the rock and 
hav ing an a n o r t h i t e content of l e ss than An^Q. A l b i t e t w i n lamellaes 
are. o c c a s i o n a l l y s l i g h t l y bent, some deformed bands hav ing r o t a t e d up 
t o 1 5 ° i n samples taken f rom areas near the g r a n o d i o r i t e contact (R23Ai 
P e r t h i t e i s c h a r a c t e r i s t i c a l l y abundant compris ing up t o 50 per 
cent o f the a l k a l i f e l d s p a r content o f the l e u c o g r a n i t e . I t u s u a l l y 
occurs i n r e g u l a r zones up t o 0.3 mm across. A l b i t e t w i n n i n g w i t h 
i n d e f i n i t e boundaries t o the K- fe ldspa r i s common, the a l b i t e c r y s t a l s 
sometimes r each ing 0. 5 mm i n l e n g t h a l o n g the c -ax i s . Several p ro -
cesses have been proposed f o r the o r i g i n o f p e r t h i t e . They inc lude 
unmix ing o f an o r i g i n a l l y homogeneous a l k a l i f e l d s p a r , simultaneous 
c r y s t a l l i z a t i o n o f a K - r i c h and N a - r i c h f e l d s p a r and replacement o f 
K - f e l d s p a r by Na- fe ld spa r . T u t t l e and Bowen ( l 9 5 8 ) have revealed 
t h a t p e r t h i t e forms below a temperature o f 660°C. Chayes ( l 9 5 2 ) has 
suggested t h a t t h e i r f o r m a t i o n i s c lo se ly r e l a t e d t o shear ing stress 
a c t i n g upon the rock i n v o l v e d . Hatch e t a l . ( l 9 7 5 ) have pointed out 
t ha t unmix ing of the coarser p e r t h i t e s i m p l i e s a l o n g c i y s t a l l i z a t i o n 
h i s t o r y . 
o A l k a l i f e l d s p a r 2V ' s are g rea te r than 50", u s u a l l y between 
T0°-80^. X- ray s t ud i e s , as shown below, suggest the a l k a l i f e ldspa r s 
are h i g h l y ordered l y i n g between the low a l b i t e - m i c r o d i n e and 
o r t h o d a s e s e r i e s . , M i c r o c l i n e t w i n n i n g i s r a r e l y developed, 
. Mine ra l s o the r than quar tz and a l k a l i f e l d s p a r are very r a r e 
i n the l e u c o g r a n i t e . B i o t i t e i s l a r g e l y a l t e r e d t o muscovite, c h l o r i t e 
and epidote w h i l e magneti te forms i r r e g u l a r c r y s t a l s , o f t e n a l t e r e d t o 
hemat i t e . Z i r c o n occurs as rounded and subrounded c r y s t a l s near 
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magnet i te . 
The contaminated l e u c o g r a n i t e d i s p l a y s s i m i l a r p e t r o l o g i c 
characters but some d i f f e r e n c e s . Quartz and f e l d s p a r s may be grouped 
i n weakly e longated zones about 5 ™ t h i c k . Sch i s t contaminant i s 
f i n e l y g ra ined , enr iched i n b i o t i t e and conta ins some garnet , magneti te 
and z i r c o n . I t u s u a l l y forms l e s s than one t h i r d o f the rock or may 
even be comple te ly absent. The p e r t h i t e o f the contaminated l e u c o -
g r a n i t e i s no t as abundant nor i n such l a r g e g ra ins as i n the l euco-
g r a n i t e . The contaminated l eucog ran i t e o f t e n shows i n t e r growths o f 
a l k a l i f e l d s p a r and quar tz i n a g raphic t e x t u r e , whose o r i g i n may be 
exp la ined by simultaneous c r y s t a l l i z a t i o n or sequen t i a l c r y s t a l l i z a t i o n , 
p o s s i b l y by mutual c o r r o s i o n and replacement (Mehnert I 9 6 8 ) . Some 
quar tz and f e l d s p a r seem t o have c r y s t a l l i z e d both before and a f t e r 
those shov/ing the g raph ic t e x t u r e . Stoall , i r r e g u l a r veins o f c a l c i t e 
cut the rock i n some specimens. 
2 . 3 . 5 . Gtranodiori te 
The g r a n o d i o r i t e i s one o f the l a r g e s t i n t r u s i v e phases i n the 
Emeksari area as i t i s i n most b a t h o l i t h s of the Pont ids . I t occurs i n 
the centre o f the area and i n the n o r t h around A s k a r l i Tepe. I t 
surrounds the E s e n l i p o r p h y r i t i c adame l l i t e i n the N.W., -outside the 
area covered by the g e o l o g i c a l map ( F i g . 2 . l ) , Apart f r o m the 
exposure i n the v a l l e y s , g r a n o d i o r i t e exposures gene ra l ly y i e l d l i t t l e 
f r e s h r o c k . 
• A l l the observed contacts between the g r a n o d i o r i t e and o ther 
rock types are sharp and i t appears t o be an e a r l y i n t r u s i o n . The 
dome-shaped i n t r u s i o n near Emeksan c l e a r l y ind ica te s t h a t the grano-
d i o r i t e i s o lder than the p o r p h y r i t i c a d a m e l l i t e . Samples ( e . g . R4IA) 
f rom areas near the p o r p h y r i t i c a d a m e l l i t e show some deformat ion 
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e f f e c t s such as f a i n t de format ion bands i n p lag ioc lase and undulose 
e x t i n c t i o n i n qua r t z . The g r a n o d i o r i t e i s cut by v a r i o u s hypabyssal 
dykes which show s u b v e r t i c a l contac ts . 
A medium g r a i n - s i z e ( l - 4 mm)» r e l a t i v e l y h i ^ e r contents o f 
m a f i c mine ra l s and a h igher p r o p o r t i o n o f p lag ioc lase r e l a t i v e t o K-
f e l d s p a r are c h a r a c t e r i s t i c f ea tu re s o f the g r a n o d i o r i t e when compared 
t o other a c i d i c rocks i n the area. 
The mine ra l compositions o f some t y p i c a l g r a n o d i o r i t e samples 
a re as f o l l o w s : -
m m 028B 245 268 
Quartz 18.5 22.4 25.6 22.5 18.3 24.5 
K - f e l d s p a r 21.7 . 23.5 20.9 20.5 24.6 21.0 
P lag ioc lase 41.9 40 .0 46.2 42.3 44.9 40.7 
B i o t i t e 6.4 8*0 1.2 6.4 1.5 4 .0 
Hornblende 9.5 4.8 4.8 6.3 9.2 7.7 
Accessories 2 .0 1.3 1.3 2 .0 1.5 2.1 
Most samples f a l l i n the g r a n o d i o r i t e f i e l d o f the double-
t r i a n g u l a r diagram o f S t recke i sen ( l 9 7 6 ) , a l though they u s u a l l y p l o t 
near t o , and occas iona l ly i n , t he g r a n i t e f i e l d due t o t h e i r K - f e l d s p a r 
t o p l a g i o c l a s e r a t i o s . 
The norms of the g r a n o d i o r i t e , as shown i n appendix, more o r less 
c o r r e l a t e w i t h the modes. Modal quar tz i s g e n e r a l l y a few per cent 
g r ea t e r than normat ive quar tz s ince normative d iopside and hypersthene 
have h i g h e r SiOg contents than b i o t i t e and hornblende (Deer e t a l . 1974). 
The most abundant m i n e r a l , p l ag ioc la se , i s u s u a l l y andesine 
(An2g__^2)* p l a g i o c l a s e i s g e n e r a l l y subhedral and zoned. The 
t w i n n i n g and zon ing are o f t e n b l u r r e d or p a r t l y absent w h i l e some 
c r y s t a l s show t w i n n i n g i n severa l d i r e c t i o n s , f ea tu res which may imply 
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a l o n g and compleoc c r y s t a l l i z a t i o n h i s t o r y . Many p lagioc lases conta in 
i n c l u s i o n s o f hornblende, b i o t i t e , p l ag ioc l a se and accessory minera ls 
and have a dusty appearance. Some are corroded and p a r t l y replaced by 
K - f e l d s p a r and qua r t z . 
Hornblende and b i o t i t e occur i n d i f f e r e n t c r y s t a l fo rms , bo th 
f i n e g ra ined and i n l a r g e r , ragged, subidiomorphic c r y s t a l s . They 
sometimes c o n t a i n magnet i te , z i r c o n and a p a t i t e . Althougjh a l t e r e d 
p l a g i o c l a s e c r y s t a l s are occas iona l ly enclosed i n hornblende and 
b i o t i t e , i t i s more common t o see l a r g e numbers o f horriblende and 
b i o t i t e c r y s t a l s , sometimes euhedral (268) , i n the p l ag ioc l a se i n d i -
c a t i n g - t h a t most o f the p l ag ioc l a se c r y s t a l l i z e d l a t e r than the m a f i c 
m i n e r a l s . B i o t i t e a l so shows a r e a c t i o n r e l a t i o n s h i p t o hornblende. 
I t f r i n g e s , extends inward a long cleavages, or completely replaces 
hornblende i n an aggregate o f smal l c r y s t a l s . 
Hornblende i s abundant i n the Emeksan g r a n o d i o r i t e r e l a t i v e t o 
the o the r g r a n o d i o r i t e s . I n the southern & l i f o m i a n g r a n o d i o r i t e i t 
ranges between 1 and 6 per cent (Larsen 1948), i s approximate ly 2 per 
cent i n g r a n o d i o r i t e f r o m County Donegal, I r e l a n d (Read and Watson 
1977) and i s l e s s than 3 per cent i n the Gumushane g r a n o d i o r i t e o f 
t h e Pont ids (Yilmaz 1973). 
Quartz and K - f e l d s p a r are i n t e r s t i a l t o e a r l i e r formed c r y s t a l s . 
P e r t h i t e o c c a s i o n a l l y occurs i n p a r a l l e l f i l m s or f i n e zones. 
Rhombic c r y s t a l s o f sphene a re o c c a s i o n a l l y found a l though 
r u t i l e i s much more widespread o c c u r r i n g as i r r e g u l a r or subangular 
gra ins (up t o 1 ram i n d iameter) near hornblende and Fe ore minera l s , 
and as needles i n b i o t i t e . A p a t i t e i s g e n e r a l l y subidicmorphic and 
va r i e s f r o m 0.6-0 .1 mm i n s i z e . Z i r c o n i s id iomor i ih ic , subidiomorphic 
or rounded, i t occurs i n a l l m ine ra l s but i s ma in ly associa ted w i t h 
hornblende and b i o t i t e ; No p l e o c h r o i c haloes were observed. Ivlagnetite 
i s g e n e r a l l y haemat i t i zed a long cracks and f r i n g e s . 
C h l o r i t e i s the most ccmmon a l t e r a t i o n product o f the b i o t i t e and 
hornblende w i t h epidote and c a l c i t e sometimes accompanying the c h l o r i t e . 
Zones up t o 1 mm t h i c k enr iched i n ep idote , d a y and opaque minera ls 
are developed i n some samples (M^) f rcm the eastern p a r t o f the 
i n t r u s i o n . 
Dark and f i n e - g r a i n e d ( l e s s than 1 mm) i n c l u s i o n s are wide ly 
s c a t t e r e d t h r o u ^ o u t the g r a n o d i o r i t e . They are mostly less than a 
few cent imeters i n diameter and are enr iched i n small i r r e g u l a r g ra ins 
o f b i o t i t e and hornblende. The b i o t i t e and hornblende va ry i n propor-
t i o n and o f t e n show r e a c t i o n r e l a t i o n s h i p s , hornblende hav ing a 
s i m i l a r appearance to the b i o t i t e c r y s t a l s . Beveloi»nent of euhedral 
hornblende f rom f i n e - g r a i n e d c r y s t a l s i s seen i n one s e c t i o n ( R 6 0 ) . 
I>iagnetite and r u t i l e contents a re h igh i n these i n c l u s i o n s . Plagioclase 
c r y s t a l s i n . the x e n o l i t h s a re not s i g n i f i c a n t l y d i f f e r e n t i n composit ion 
t o those i n the g r a n o d i o r i t e . S i m i l a r i t y i n t e x t u r e and composition t o 
l a rge r ; i n c l u s i o n s of basement rock i m p l i e s t h a t these small i n c l u s i o n s 
are c h i e f l y r e l i c t s of the s c h i s t s . 
2 . 3 . 6 . Adame l l i t e and p o r p h y r i t i c a d a m e l l i t e 
The contents o f plagLoclase and K- fe ld spa r i n the va r ious 
a d a m e l l i t e s are approxiraately equal w h i l e m j i f i c minera ls are less 
abundant than i n the g r a n o d i o r i t e . The adamel l i t e s have a coarser 
g r a i n - s i z e than the m i c r o g r a n i t e . The presence o f K- fe ld spa r pheno-
orys ts i s the most d i s t i n c t i v e f e a t u r e o f the p o r p h y r i t i c a d a m e l l i t e . 
The p o r p h y r i t i c a d a m e l l i t e has two separate occurrences i n the 
a rea . I n t h e N.W. i t ma in ly outcrops around E s e n l i l e r e but i s a l s o 
exposed i n .Gtkrak Dere about 2 .5 km n o r t h o f Kumya Mah. I n the S.E. 
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around Emekaan, i s another exposure o f the p o r p h y r i t i c a d a m e l l i t e . I n 
h i ^ e r topographic ground f a r t h e r S.E., the phenocrysts disappear, or 
when present they are s m a l l e r and r a r e . The t r a n s i t i o n f rom p r o p l ^ i t i c 
a d a m e l l i t e t o a d a m e l l i t e i s gradual o c c u r r i n g over several meters. The 
ex t ens ion o f the va r ious adamel l i t e s southwards i s not known. 
The r e l a t i v e ages o f the p o r p l ^ y r i t i c adamel l i tes and g r a n o d i o r i t e 
can be demonst3?ated on the road s e c t i o n near Emeksan. Here the porphy-
r i t i c ada rae l l i t e has c l e a r l y i n t r u d e d the g r a n o d i o r i t e . The a f f e c t s of 
t h i s i n t r u s i o n and o f hydrothermal s o l u t i o n s liave p h y s i c a l l y weakened 
the rocks and produced a steep topography (P l a t e 2 . 8 ) . F igure 2.3 
shovjs f e a t u r e s around the contact between the p o r p h y r i t i c a d a m e l l i t e 
and g r a n o d i o r i t e near Ekneksan where the former contains small x e n o l i t h s 
o f g r a n o d i o r i t e . Mo-bear ing quar tz ve in s r a d i a t e away from the small 
p o r p h y r i t i c adarae l l i t e i n t r u s i o n , the b igge r ve ins being l o c a l i z e d 
aroiAhd t he s tock . 
The adamel l i t e s are o f medium g r a i n s ize (1-4 mm), w h i l e the 
phenocrysts i n the p o r p h y r i t i c v a r i e t y range from 1 -2 an l o n g , r a r e l y 
exceeding 3 can. The p r o p o r t i o n o f phenocrysts v a r i e s between 15 and 
30 per cent . Near the M o - m i n e r a l i s a t i o n i n the B s e n l i p o r p h y r i t i c 
a d a m e l l i t e , the groundmass i s f i n e - g r a i n e d and the phenocrysts i n d i s -
t i n c t . S i m i l a r f e a tu r e s occur i n samples taken near the contact (R37» 
02, 247, 213) . 
M i n e r a l p r o p o r t i o n s i n the adamel l i t e ( R 2 6 B , 137) and i n the 
p o r p h y r i t i c adame l l i t e s from Sneksan ( l 6 2 , 163A) and E s e n l i Dere ( 2 0 1 , 
553) a re as f o l l o w s : 
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PLATS 2 .8:The porphyr i t i c adanel l i te Btock new BMk«*n,«howiiig 
l i g h t colour and steep slopes. 
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FIGURE 2 ,3:Contact between porpbyri t ic a d a » e l l i t e and granodiorite , 
near Eaeksan. 
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R26B m 162 163A 201 
Quartz 30.1 25.2 26.1 24,1 22.0 24.8 
X - f e l d s p a r 34.1 32.7 31.6 32.5 38.0 38.1 
P lag ioc lase 32.9 35.8 30.6 39.2 32.4 31.1 
B i o t i t e 1.5 4.1 10.8 1.9 6.6 4.8 
Hornblende 0,8 1,1 0.0 0.9 0.0 0.0 
Accessories 0.6 1,1 0.9 1.4 1.0 1.2 
Kbrras are based on groundmass minera ls i n the p o r p h y r i t i c 
samples, t h e r e s u l t s be ing r e c a l c u l a t e d acco rd ing t o the p ropor t ions 
o f phenocrysts i n the rocks . 
The a d a m e l l i t e has a hyp id iomorph io-granu la r t e x t u r e dominated 
by euhedral t o subhedral p l a g i o c l a s e . Saae b i o t i t e and hornblende 
occur, as euhedral t o subhedral g ra ins . They enclose and a l t e r the 
p l a g i o c l a s e and sometimes show corroded o u t l i n e s t o quar tz and K-
f e l d s p a r . B i o t i t e rep laces amphibole, p a r t l y or completely, showing 
l a t h s or s i x s ided o u t l i n e s . C h l o r i t e , epidote and magnetite 
occas iona l ly accompany or take the place of b i o t i t e . 
Quartz and K - f e l d s p a r are anhedral and r a r e l y show a graphic 
t e x t u r e , K- f e ld spa r s sometimes r evea l car lsbad t w i n n i n g and p e r t h i t e 
i s uncommon. 
The p l ag ioc l a se has a composit ion of ol igoclase-andesine 
(An2^ 39^* u s u a l l y c l ea r and f r e e from i n c l u s i o n s . Tw^Jining 
and zon ing a re complex. 
:The types and occurrence o f accessory minera ls i n the adame l l i t e 
a re s i m i l a r t o those i n the g r a n o d i o r i t e . R u t i l e i s l e s s abundant, 
w h i l e sphene i s common i n some sec t ions . Magnet i te , a p a t i t e and z i r c o n 
are g e n e r a l l y sma l l e r i n s i ze and l ess abundant r e l a t i v e t o the grano-
d i o r i t e . 
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K - f e l d s p a r i n the p o r p h y r i t i c adame l l i t e p a r t l y c r y s t a l l i s e d as 
phenocrysts which inc lude corroded p lag ioc lase and b i o t i t e c r y s t a l s . 
Quartz i s a l so seen a l o n g cracks and near the margins o f the pheno-
c r y s t s . I t r a r e l y shows a graphic i n t e r g r o w t h . P o r p h y r i t i c adamel-
l i t e s f r o m ESneksan have s i m i l a r pe t rographic characters t o the 
adame l l i t e s but those f rom E s e n l i Dere have more K- f e ld spa r and less 
hornblende. Hornblende, when present ( 2 0 1 , 228), occurs as small 
r e l i c t g r a i n s having a r e a c t i o n r e l a t i o n s h i p to b i o t i t e . Some p l a g i o -
clase c r y s t a l s i n the E s e n l i p o r p h y r i t i c adarael l i te enclose b i o t i t e as 
was commonly seen i n the g r a n o d i o r i t e . B i o t i t e l a r g e l y occurs as 
p o i k i l i t i c c r y s t a l s , 
X e n o l i t h s d i f f e r i n the var ious a d a m e l l i t e s . I n the adamel l i t e 
and Bmeksan p o r r j h y r i t i c adame l l i t e the x e n o l i t h s are composed o f 
p l a g i o c l a s e and hornblende l a t h s arranged randomly i n a quar tz -K-
f e l d s p a r groundmass. As discussed above, they may represent rocks 
de r ived f r o m the o lder v o l c a n i c se r i es , be ing bas ic or in te rmedia te i n 
composi t ion , or may be der ived f rom an e a r l y c r y s t a l l i z e d f r a c t i c s i of 
the a d a m e l l i t e . 
X e n o l i t h s i n the E s e n l i p o r p h y r i t i c adame l l i t e vary i n s i ze f rom 
a few cent imeters t o 0,5 meter i n diameter, they occur as round-
sabrouhded or sonetimes elongate b locks . They are of f i n e t o medium 
g r a i n - s i z e and cons is t o f qua r t z , f e l d s p a r and b i o t i t e w i t h some 
development o f porphyrob las t s . B i o t i t e c r y s t a l s w i t h or w i t h o u t 
p l a g i o c l a s e l a m e l l a e are randomly d i s t r i b u t e d . The geographic p o s i t i o n 
o f the E s e n l i p o r p h y r i t i c a d a m e l l i t e i n t r u s i o n and the t e x t u r e and 
ccmpos i t ion o f the x e n o l i t h s suggest t h a t they de r ive f r o m the base-
ment s c h i s t s . 
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2.3.7» M i c r o g r a n i t e 
The raicrogranite occurs as a se r i e s of smal l i n t r u s i o n s , less 
t l a n 1 km i n diameter , concentrated i n the centre and eas te rn p a r t o f 
the area and ou tc ropping on the peaks and r idges of h i l l s . They do 
extend f u r t h e r east but no d e t a i l e d work has been done there . 
The m i c r o g r a n i t e i s o f f i n e t o medium g r a i n - s i z e (0.2-2 mm), 
p i n k i n co lour , w i t h K - f e l d s p a r dcxninant over p l ag ioc l a se . Hornblende 
i s absent i n most specimens and b i o t i t e i s l e s s abundant than i n other 
i n t r u s i v e s o the r than the l e u c o g r a n i t e . 
• The m i c r o g r a n i t e g e n e r a l l y has an a p h y r i c or g ranu la r t e x t u r e , 
a l t h o u ^ a p o r p h y r i t i c t e x t u r e i s developed i n va r ious areas such as 
K o y y e r i Dere and near Emeksan. Those rocks w i t h p o r p h y r i t i c t e x t u r e 
a re g e n e r a l l y more bas ic i n composi t ion when compared t o those w i t h 
g ranu la r t e x t u r e . They are commonly r e f e r r e d to as g ran i t e -porphyry 
i n the l i t e r a t u r e . F i n e r - g r a i n e d and smal le r a p l i t e dykes show 
c l o s e l y s i m i l a r m i n e r a l o g i c a l and t e x t u r a l f ea tu re s t o the microgcani te . 
The mic rog ran i t e s have v e r t i c a l o r s u b v e r t i c a l contacts 
o c c a s i o n a l l y c o n t r o l l e d by f a u l t s or f r a c t u r e s . The contacts axe 
sharp ( P l a t e 2.9) . A p l i t e and quar tz ve ins occur around the mic ro -
g r a n i t e w h i l e hydrothermal s o l u t i o n s have u s u a l l y caused a l t e p i t i o n 
around, and i n , the m i c r o g r a n i t e i n t r u s i o n s . They have produced a 
zone enr iched i n Fe-oxides i n the p o r p h y r i t i c adamel l i t e east o f 
Emeksan and Mo-bearing ve ins i n Koj^yeri and Tekmezar Dere, I t i s 
ev ident t h a t the m i c r o g r a n i t e i n t r u d e d a f t e r the g r a n o d i o r i t e , adamel-
l i t e and Elneksan p o r p h y r i t i c adarae l l i t e . I t s r e l a t i o n t o the E s e n l i 
p o r p h y r i t i c adarae l l i t e i s unclear i n the area. 
The modes o f the m i c r o g r a n i t e , the g r a n i t e parpl^yry ( O I O F ) and 
the a p l i t e ( R B B ) a re as f o l l o w s : 
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granod ion tG 
microgranife 
Plate 2.9: Microgranite - granodiorite contact near Qneksan 
showing sharp, sub-vertical, wavy contact. 
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R12 R28 01 OF R8B 
Quartz: 35.9 35.0 25.7 41.0 
A l k a l i Feldspar 51.5 54.2 46.0 52.2 
Plagioclase 10.2 9.3 22.9 6.8 
B i o t i t e 1.6 1.3 5.4 0.0 
Accessories 0.8 0.2 0.0 0.0 
Quartz contents vary over a wide range. Quartz ocaars as 
anhedral or occasionally euhedral, corroded crystals . Graphic i n t e r -
growth wi th K-feldspar i s evident i n some sections, especial ly i n the 
ap l i t e s . 
K-feldspar i s the most abundant mineral but idiomorphic crystals 
are generally absent. The occurrence and abundance of per thi te i s 
d i f f e r e n t from the leucogranite. The perthites are of f i n e r scale and 
less common as i s r e f l e c t ed i n the norms and modes f o r the two types 
of g ran i te . Although modal a l k a l i feldspars i s lower i n the micro-
granite normative orthoclase (average 32.43) . i s s l i g h t l y higher and 
normative a l b i t e (average 24.74) several per cent lower than i n the 
leucograhite. 
FLagioclases-are generally oligoclase (An^ ^_2q) althougji some 
a l b i t e and andesine occur. Zoning i s uncommon and euhedral crystal 
forms are of ten observed. 
B i o t i t e i s found as small euhedral crystals d is t r ibuted through-
out the raicrogranite. The b i o t i t e i s generally l i g h t i n colour and 
soiietiraes encloses plagioclase. 
Hornblende was observed only i n a few samples (R21, 377) where 
i t occurs as euhedral crystals . Hornblende and plagioclase occasionally 
enclose each other and b i o t i t e ra re ly replaces hornblende. 
The accessory minerals include zircon, apat i te and magnetite i n 
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very low concentrations. Many samples are altered to varying degrees. 
Ser ic i t e , Fe oxides and hydroxides and ch lor i te are the most usual 
products of a l t e r a t i o n . In the strongly altered areas the rocks con-
s i s t of quartz, s e r i c i t e and Fe oxides fo rn ing d i s t i nc t i ve white-red-
yellow coloured zones. 
Xenol i ths , widespread i n other rock types, are not generally 
observed in. the microgranites, except i n small amount i n some of the 
po rphyr i t i c va r i e t i e s . A few bigger blocks of granodiori te, as shown 
i n Figure 2 .1, occur near the centre of two of the microgranite 
in t rus ions . 
2 .3 .8 . Andssite porphyry 
The andesite porphyry occurs as dykes which cut a l l of the 
intermediate and ac id ic in t rus ive rocks of the Elneksan area, A l t h o u ^ 
t h e i r r e l a t i o n to the a p l i t e i s not clear a few andesite porphyry 
dykes cut the microgranite as seen near K i z i l t a s Tepe. The andosite 
porphyry dykes vary from a few meters to 750 m i n length of outcrop 
and from less than a meter to 1 50 m i n vddth. They generally extend 
N.E.-S.W. and N.W.-S.E. 
FLagioclase and hornblende are the most common phenocrysts 
although b i o t i t e , quartz and K-feldspar a l l foim phenocrysts i n varying 
amount.- The grain-size of the phenocrysts i s usually less than. 5 ^ 
long. The groundmass i s hoi o crystal l i n e and consists of similar 
minerals to those forming the phenocxysts, the groundmass grain-size 
i s usual ly around 0.05 ^ i n diameter generally forming about 50 per 
cent of the rock.' , 
Hagioclase's are mainly andesine wi th some labradori te (An^^_^g). 
They occur us euhedral-subhedral corroded crystals , show zoning and 
foi'm'about 50 per cent of the rook. Some discrete hornblende and 
55 
b i o t i t e incilusions are present i n the plagioclase. 
Quartz i s found as hexagonal or rouixied phenocrysts and as 
xenomor-phic crystals i n the g-roundiiass. I t s content i s generally 
1 0-1 5 per cent. K-feldspar occurs i n the groimdmass and occasionally 
as phenocrysts. The amount of K-feldspar does not exceed 5 per cent. 
Hornblende i s the second most abundant mineral in the andesite 
poi'phyry. I t is euhedral and of ten twinned, being pleochroic from 
yellow-green to dark green. B i o t i t e , present i n smaller amount, shows 
well-developed crj-stal faces. Both occasionally include plagioclase. 
and magnetite while stained and i r regu la r b i o t i t e c iysta ls replace 
hornblende. 
A zircon c rys ta l , preserved i n a zoned plagioclase, shows 
perfect euhedral crysta l form (R40) while idiomorphic zircon, apat i te 
and magjietite occur i n the groundmass or enclosed i n the phenociysts. 
Almost a l l samples of the andesite porphyry are affected by 
a l t e r a t i o n . Chlori te i s the most domirant secondary mineral al thoi^h 
ca lc i te and epidote also accompany the ch lo r i t e as a l t e r a t i o n products 
of hornblende. Quartz and Fe ore minerals are found i n some of the 
a l te red b i o t i t e . Fine grained micaceous minerals occasionally replace 
plagioclase. 
2.3.9. Doler i te 
The do le r i t e occurs as small v e r t i c a l dykes mostly found in a 
zone.extending IL-S. near Top Tepe. I t seems to be the youngest 
magnatic rock i n . the area. Ha te 4.1 taken i n granodiorite near t o 
microg-ranite, shows that the do le r i t e dyke i s not cut by quartz v e i r i e t s 
whicii are probably produced by the microgranite in t rus ion . 
. The .doleri te i s a f ine-grained rock and except f o r some hornblende 
none of the minerals may be recognised by the naked eye. Qphitic 
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texture i s a character is t ic feature wi th lath-shaped plagiodases 
randomly arranged i n and between pyroxene. 
The plagioclases occur as euhedral, 0.1-0.5 mm long, crystals . 
Development of plagioclase phenocrysts ( 0 . 5 - I . 5 mm) i s only seen i n 
one sect ion (R34)« Labradorite i s the most connion plagioclase, 
anor th i te contents varying over a wide range (46-72). Zoning is absent. 
The pyroxene i s colourless to pale greenish and tends to form 
eight and four^sided crys ta ls . Most of the idianorphic pyroxene 
ci^'stals are f ree from plagioclase inclusions. The pyroxene i s augite. 
Hornblende and b i o t i t e occur i n small amounts and show d i f f e r e n t 
c r y s t a l l i z a t i o n habits . The hornblende i s idiomorphic forming grains 
up to 7-8 ram in diameter and i s f ree from inclusions. I t also occurs 
occasionally as small c rys ta ls replacing the pyroxene. Small (0 .2 mm) 
t h i n b i o t i t e s are randomly d is t r ibuted througjiout the rock. 
Quartz comprises less than f i v e per cent of the rock. I t is 
anhedral and may ei ther be a primary phase or an a l t e r a t i on product. 
Qrthoclase has not been i d e n t i f i e d . Feldspar spherulites, formed a f t e r 
volcanic g].ass, appear i r r egu l a r l y i n the do le r i t e , 
Euhedral magnetite crystals are abundant forming up to 5 weight 
per cent of the rock. I lmenite i s present i n smaller amount. The 
concentration of other accessory minerals i s very low with needle-
l i k e apa t i te and a few zircon crystals v i s i b l e under the high power 
objec t ive . 
A l t e r a t i o n can be very intense, o r ig ina l minerals being hardly 
recognisable. Calcite and ch lo r i t e are the most common a l t e r a t i on 
products but quartz occasionally jo ins these minerals. Small magnetite 
and i lraenite crystals sometimes accumulate around the al tered f e r r o -
magnesian minerals. 
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CHAPTER THBEE 
MIHEBALOGY AUD MIKEEAL CHMTSTBY 
3 . 1 . In t roduct ion 
The mode of occurrence and opt ical properties of the rock forming 
minerals have generally been described above. I n t h i s chapter the 
chemical compositions of the more common minerals and s t ruc tura l state 
of the a l k a l i feldspars w i l l be considered. Feldspar s t ruc tu ra l states 
were determined from X-ray powder d i f f r a c t i o n patterns and chemical 
analyses were carried out by electron microprobe. The operational con-
d i t ions and methods of analysis are shown i n Appendix 2 and 3.Later i n th i s 
chapter mode of occurrence, opt ical properties and chemical compositicn 
of the minerals re la ted to the ore deposition w i l l be described. 
3 . 2 . Rock forming minerals 
3 . 2 . 1 . Amphibole 
Amphibole i s found i n a l l intermediate igneais rocks of the 
Emeksan area, A euhedral and a r e l i c t amphibole, par t ly replaced by 
b i o t i t e , f r o n the granodiori te (221) and Esenli porphyr i t i c adamellite 
(228) were analysed by the electron probe. Data i s given i n Appendix 
2. Ca predominates over Na and as i s c lear ly shown i n :Figure 3.1a the 
amphiboles are hornblende i n composition. Fe (M4) i s considered as the 
/ v i excess over 5.00 of cations i n the Y-sites ( t o t a l Mg, Fe, Al , T i and 
Mn) and FOgO /^FeO i s assumed to be 0.68 (Stephens 1977). According to 
the c l a s s i f i c a t i o n of Leake ( l978) amphiboles of Eneksan in t rus ive 
rocks f a l l i n the "magnesio-homblende" f i e l d of the calcic amphibole 
grouj). 
' Hornblende i s the most usual ferromagnesian mineral of the calo-
a ika i ine series, i t s composition depending on several factors such as 
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b ^ b i o t i t e s . B i o t i t e analyses ftroo the potassio zone are ignored. 
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temperature and whole-rock chemistry. With increasing temperature, A-
i v 
s i t e occupancy and Al and T i contents of amphiboles increase, compo-
s i t ions approaching the tschermakite-pargasite j o i n (Helz 1973). Total 
Al and Al ' ' ' ^ contents ( l . Q - 1 . 6 ) of calc-alkal ine volcanic rocks (Jakes 
and White 1972) are s l i g h t l y higher than i n the hornblendes of the 
granodiori te and porphyr i t i c adamellite. There i s a posi t ive correla-
t i o n between A-s i te occupancy and a l k a l i content f o r the whole rock. 
Jakes and White (1972) have revealed that hornblendes f rou calo-alkaline 
rocks have r e l a t i v e l y low contents of T i , Na and K compared wi th those 
occurring i n a l k a l i basalts. According to Table 4.3 of Stephens ( l977) 
the chemical conposition of the hornblendes from Emeksan correlate 
bet ter w i t h those from calo-alkal ine rocks than those from t h o l e i i t e s . 
The hornblendes i n calc-alkal ine rocks contain higher Si and lower T i , 
totals A l and a l k a l i s . 
3 . 2 . 2 . B i o t i t e 
A number of analyses of b i o t i t e from various in t rus ive and meta-
morphic rocks have been made. The b i o t i t e s were mainly primary, 
occasionally showing varying degrees of a l t e r a t ion to d i l o r i t e and Fe-
T i oxides and replacing the hornblendes. Mode of occurrence and 
composition of the b i o t i t e s re lated to the ore mineralisat ion w i l l be 
discussed l a t e r . 
The chemical compositions of b io t i t e s are generally expressed i n 
terms of four end-members: phlogopite K^Ug^{Si^A1^02Q)iOE)^, annite 
K^Fe^iSl^Al^O^^XOE)^, Eastonite K2Mg^Al(Si^A1^02Q)(0H)4, 
Siderophyl l i t e K2Fe^Al(Si^A1^02Q)(QH)^ (Deer et a l . 1962). Figure 3.1b 
shows the pos i t ion of the b i o t i t e analyses i n terms of these end-
members. Sane of the analyses plot i n the "phlogopite" f i e l d instead 
of the " b i p t i t e " f i e l d however^since the Y-s i te occupancies are less 
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than 6.00, lower values of Fe may be expected. Deer et a l , ( l962) 
have also pointed out that the octahedral s i tes of b io t i t e s of igneous 
rocks are r a r e ly completely f i l l e d . The Al contents of the b i o t i t e s 
from the metamorphic rocks near contacts with the in t rus ive rocks, and 
from the contaminated leucogranite, are higher than those from the 
granodior i te , adamellites and microgranite. Mg/Fe ra t ios of the meta-
morphic b i o t i t e s are also h i ^ e r than others. H i ^ Mg/Fe ra t ios i n 
b i o t i t e s from metamorphic terranes are correlated wi th high degrees of 
metamorphism (Turner 1968). The Mg/Fe r a t i o of b i o t i t e also relates t o 
that of the whole-rock. 
Other ccmponents of the b io t i t e s from the granodiorite, adamel-
l i t e s arid microgranite are not s i g n i f i c a n t l y d i f f e r e n t from those of 
various volcanic rocks (Stephens 1977). I n the altered b i o t i t e s , Al 
contents and Mg/Fe ra t ios are s l i g h t l y higher, and T i contents are 
lower, r e l a t i v e to the unaltered minerals. The b i o t i t e s replacing 
hornblende contain higher amounts of GaO compared to the others. 
. 3 . 2 . 3 . Feldspars 
Feldspars are the main components of a l l the in t rus ive rocks i n 
the area consequently a series of analyses were made of the plagio-
dases and a l k a l i feldspars from the granodiori te, adamellites and 
granites. Since the feldspars are essent ial ly aluminosilicates wi th 
varying amounts of Na, Ca and K, most of the components of the feldspars 
can be expressed i n a diagram f o r the end-members: a l b i t e , anorthi te 
and orthoclase. Figure 3 .2 . The anorthi te contents of the plagioclases 
generally decrease from calcio-andesine to a l b i t e with increasing 
a c i d i t y of the rocks. Orthoclase contents are low i n the anorthi te r i c h 
plagioclases, ranging between 0,5-3.5 weight per cent. Qrthoclase 
contents of plagioclases from calc-alkal ine rocks of island arcs are 
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also reported to be low, f o r example plagioclases from the andesitic 
and basa l t ic rocks of the Grenada sui te , described by Arculus (1973), 
contain less than one per cent orthoclase. The orthoclase contents of 
the plagioclases f r o n the porphyr i t i c adamellite and microgranite 
increase t o 5-6 per cent wi th increasing a l b i t e content but remain 
around 1-2 per cent i n a lb i t e s from the leucogranite. 
The K-feldspars contain less than one weight per cent anorthi te 
and less than 20 weight per cent a l b i t e i n so l id solut ion. As expected 
from experimentally determined feldspar systems (e .g . Carmichael et a l , 
1974), i n assemblages of two feldspars plus l i q u i d , each feldspar w i l l 
become more sodic as c r y s t a l l i s a t i o n proceeds. Temperature, pressure, 
water 'content of the magma, rate of cooling and ccmposition of the 
l i q u i d f r o n which the rock formed a l l a f f e c t the composition of the 
feldspars . A l k a l i feldspars form a series of s o l i d solutions at hig^i 
temperature and low pressure, but have only l i m i t e d m i s c i b i l i t y a t low 
temperature (Tu t t l e and Bowen 1958). The a f f ec t of water i s to reduce 
the extent of ternary so l i d so lu t ion . A homogeneous feldspar at high 
temperature w i l l unmix under conditions of s u f f i c i e n t l y slow cooling 
t o form various kinds of p e r t h i t i c or a n t i p e r t h i t i c intergrowths 
(Hatch et a l . 1975). 
The composition of a l k a l i feldspars i n the microgranite appear 
to be s l i g h t l y d i f f e r e n t f r a n those i n the leucogranite. The ortho-
clases of the microgranite are more a l b i t i c and form a continuous 
s e r i e s w i t h those of the intermediate rocks. A l k a l i feldspars from 
,;the ieucbgranite are purer i n composition and perthites are larger and 
indre:abundant. Crys ta l l i s a t ion of the leucograni t ic magma would 
require a lower magaatic tanperature, higher pressure and water 
•content, or slower rate of cooling than the microgranite. 
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T i , Fe, Mn and Mg are present i n l i m i t e d amounts i n the feldspars. 
Fe i s detected i n almost a l l analyses, varying up to 0,40^ i n plagior 
class and 0,155^ i n K-feldspar. T i and Mn contents of the feldspars are 
less than 0.06 and 0.09% respectively. Ncme of the K-feldspars contain 
detectable Mg but i n some plagioclases the Mg content readies 0.03?^. 
A series of analyses were carried out on a zoned plagioclase from 
the Esenli porphyr i t i c adamellite (Table 3 . 1 ) . The plagioclase i s 3 mm 
long and i s cut nearly pa ra l l e l to the 010 d i rec t ion . An early-formed, 
0.6 mm long plagioclase crystal provided a nucleus f o r fu r the r c rys ta l -
l i s a t i o n . The zones are less than 0.1 mm th ick , par t ly deformed, and 
occasionally contain minute inclusions. The composition of the plagio-
clase does not change regular ly from core to margin. Osci l la t ions i n 
canposition are superimposed on a normal zoning trend i n which a lb i t e 
content increases towards the margin. The osc i l l a to ry zoning may be 
developed as a resu l t of dianges i n parameters such as temperature, 
pressure, composition of magma and v o l a t i l e fugac i t ies (Tu t t l e and 
Bowen 1958). 
X-ray d i f f rac tometer patterns of a number of a l k a l i feldspars 
frcsn the leucogranite, microgranite and Esenli porphyr i t ic adamellite 
were studied. Operational conditions are shown i n Appendix 3. 
Cell dimensions of a l k a l i feldspars are strongly dependent on 
the s t ruc tu ra l state and composition of the crystal (Wright and Stewart 
1968). Wright (1968) has demonstrated that measured 29 values of the 
(201) , (060) and (204) d i f f r a c t i o n peaks from natural and synthetic 
a l k a l i feldspars are re la ted l i n e a r l y to the a, b and c c e l l parameters, 
respect ively, W r i ^ t devised a p lo t , called the "three-peak method", 
from which the s t ruc tu ra l state may be estimated from the (O6O) and 
(204) values, and the composition frcm the (201) value. Studies by 
6k 
Table 3.1 
Analyses of zones from ,a plagioclase crystal f r o n the Esenli 
po rphyr i t i c adamellite (Sample Ko , 228). Zones i n order 1 tc 
4 from core to margin. 
wt^ 1 2 3 4 
SI02. 58.07 60.85 61.32 61.02 
TI02 0.00 0. 00 0.00 0.00 
AL203 25.73 25.14 24.90 23.22 
FEO : 0.25 0.20 0.24 0.19 
GAO • 9.86 7.46 7.88 7.93 
NA20. 5.80 6.88 5.99 7.96 
K20. • 0.32 0.25 0.28 0.19 
TOTAL 100.02 1 00. 02 1 00.61 100.52 
Atomic proportions on the basis of 8 oxygens 
SI , 2.606 2.687 2.7O6 2.718 
TI 0. 000 0. 000 0. OOP 0.000 
AL 1.362 1.309 1.296 1.220 
FE , 0.009 0.007 0.009 0.007 
GA 0.474 0.353 0.372 0.379 
NA.'. 0.505 0.589 0.512 0.688 
K . 0.018 0.014 0.018 0.011 
End-member compositions 
AN 47.55 36.91 41.36 35.16 
KB • ' 50.62 61.60 56.88 63.86 
OR. 1.83 1.49 1.76 0.98 
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T i l l i n g (1968) have also supported the l i nea r re la t ionship between 
computer-derived c e l l dimensions and those frcm the "three-peak 
method". 
The (O6O) and (204) d i f f r a c t i o n peaks of the analysed samples 
are p lo t t ed i n Figure 3 . 3 . A l k a l i feldspars from the leucogranite 
are intermediate i n s t ruc tu ra l state between orthoclase and maximum 
microcl ine, whereas K-feldspars from the microgranite plot dose to 
the orthoclase series. The 26 values of (201) read from the contours 
i n the f i g u r e are approximately 0 . 4 ° higher than those actual ly 
observed i n the X-ray patterns. The feldspars may therefore be 
termed anomalous, as defined by W r i ^ t (1968), W r i ^ t has pointed out 
that the s t ruc tu ra l state of anomalous feldspars may be derived i n the 
same way as f o r normal feldspars, but the composition cannot be 
obtained from the 20 value f o r (201). 
The (131) r e f l e c t i o n i s re la ted to the crystal symmetry of the 
K-feldspars, A single, sharp r e f l e c t i o n allows the crystal to be 
indexed w i t h monoclinic symmetry. I f the ( l 3 l ) r e f l e c t i o n i s s p l i t 
i n t o (131) and (131)» the feldspar i s t r i d i n i c (Wright and Steward 
1968). Some of the character is t ic ( l 3 l ) r e f l e c t i a i s of the a l k a l i 
feldspars f r a n the leucogranite and microgranite are shown i n Figure 
3.4 . Apart frcm sample R49 a l l x-ray patterns of feldspars from micro-
grani te give a s ingle , and sharp, (131) r e f l e c t i o n , indica t ing the high 
temperature form. The ( l 3 l ) r e f l ec t i ons of samples from the leuco-
grani te generally show a lower in tens i ty and are usually s p l i t i n t o 
more than one peak. However, i n some d i f f r a c t i o n patterns of the 
leucogranite, the ( l 3 l ) r e f l e c t i o n of p e r t h i t i c a l b i t e in te r feres w i t h 
that of K-feldspar and canplicates the general pattern. 
I n summary the x-ray data suggest that the s t ruc tura l states of 
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the a l k a l i feldspars are generally d i f f e r e n t i n the two types of 
granite from the Emeksan area. They are consistent wi th the lower 
temperature of formation of the leucogranite, and the hypabyssal 
nature of emplacement of the microgranite. 
.3.3. Minerals related to the ore deposition 
3 . 3 . 1 . Molybdenite 
Molybdenite i s the most abundant ore mineral i n the area. I t i s 
found widely d i s t r ibu ted i n the quartz veins generally showing i r regu-
l a r aggregates, banded structure or a f i n e d i s t r i bu t i on . The 
molybdenite i s disseminated i n highly al tered rocks i n K-feldspar^ 
qua r t z -b io t i t e veins and also f requent ly found as t h i n coatings or 
f i l m s along f a u l t s or f rac tures . 
I n the r e f l e c t e d - l i g h t microscopy, the molybdenite i s usually 
cairved occurring as f lakes and aggregates. I t has undulatory extinc-
t i o n and f requent ly shows polysynthetic twinning. The twinning i s 
of ten i n two directions and occasionally displays a complex pattern. 
The grain size of the molybdenite varies from less than 100 micron to 
a few mm and ra re ly jus t over 1 cm. 
The molybdenite does not include other minerals apart f r an a 
few p y r i t e crysta ls . The presence of molybdenite i n the fractures of 
p y r i t e and between the pieces of the brecciated pyr i t e indicate that 
the molybdenite was c rys ta l l i sed a f t e r the p y r i t e . Seme of the 
pyr i tes , on the other hand, are probably younger than the molybdenite 
due to t h e i r indusicaas. Relations of the other sulphides t o the 
molybdenite have not been d i r ec t l y observed. 
Major and trace element contents of the molybdenites are shown 
i n Table 3 .2 . Concentration of the trace elements show a wide range. 
Re and Te are generally r i che r i n the molybdenite i n respect t o the 
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other trace elements. As and Au reach h i ^ e r values i n certain 
samples. Fe, Cu, W, Se, Co and Ni are r e l a t i v e l y low levels or 
ondetected. 
Molybdenum and rhenium have s imi lar atomic r a d i i and molybdenite 
i s the p r inc ipa l source of rhenium. Clark (1972) has indicated that 
the rhenium content of molybdenite found i n porphyry copper deposits 
i s exceiotionally high (360 and 380 ppm) while the rhenium content of 
stockwork molybdenum deposits i s very low (2-5 and 12 ppm) i n the 
southwestern United States. The rhenium content of molybdenite from 
the porphyry Cu-Mo deposits of Trans-caucasia, Russia readi ^,&fo w i th 
an average value of 660 ppm (Smimov 1977). I ^gane l l i (1963) has 
demonstrated that the rhenium content of molybdenite increases frcm 
high temperature t o middle temperature deposits and from e a r l i e r t o 
l a t t e r molybdenite generations. Riley ( l967) has. however pointed out 
that the Re content of molybdenite cannot be correlated with the geo-
l o g i c a l condition of ore deposits ind ica t ing extremely wide range of 
rhenium concentration even i n samples f r o n a single deposit. 
Tellurium and selenium are geochemically related to sulphur. 
Karamyan (1962) has shown posi t ive correlat ion between the contents of 
t e l l u r i u m , selenium and rhenium i n the molybdenites from the Kadzharan 
Cu-Mo deposit, Armenia. A poor correla t ion between the Re and Te 
contents may be seen i n the molybdenites of Eineksan but not with Se. 
3 . 3 . 2 . i V r i t e 
Fyrlte i s the most abundant and widely d is t r ibuted sulphide 
mineral i n the area. I t i s generally found around the molybdenum 
minera l i sa t ion and introduced i n veins w i t h the quartz including sane 
s e r i c i t e and clay minerals and as a disseminated mineral showing a 
close re la t ionsh ip to the b i o t i t e i n the rock. 
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The grain size of the py r i t e ranges from 50 // t o O.5 cm. They 
commonly occur i n subhedral crys ta l form and often show i r regu la r 
cracks. 
The pyri tes associated wi th the ore minerals display some d i s t inc -
t i v e features comparing to those from unmineralised zones. Those i n 
the mineralised veins are h ighly f ractured smd brecciated and replaced 
by chal'copyrite, enargite and quartz. The dia lcopyr i te , enargite and 
quartz are also present i n the pyr i t e as blebs unrelated t o any d i s -
t i n c t s t ruc tu ra l f a i l u r e . Some s e r i c i t e and molybdenite are found as 
inclusions i n the p y r i t e . Rel ic ts of the py r i t e were recognised i n the 
sphaler i te and galena. The pyri tes which are not associated wi th the 
other sulphide minerals are less deformed. 
A number of py r i t e grains were analysed by electron microprobe. 
The f i r s t seven py r i t e analyses i n Table 3.2 are from the samples 
inc luding molybdenite and chalcopyrite while the rest of the analyses 
represent py r i t e samples taken away frcm the Mo-mineralisation. 
Samples 01 IB and 028A are associated w i t h chalcopyrite and samples 
012A, 239 w i th Cu, Pb and Zn sulphides. 
The trace element contents of pyr i t e have been used i n deter-
mining the o r i g i n of p y r i t e . I ^ r i t e of hydrotheimal o r ig in .contains 
higher amounts of Co (4OO-24OO ppm) and higher Co/Ni r a t i o r e l a t i ve 
to that of sedimentary o r i g i n (Fleischer 1955). Co contents of the 
pyr i tes from Emeksan are wel l w i t h i n the l i m i t s given f o r the hydro-
thermal p y r i t e apart frcm one analysis showing higher Co l e v e l . 
Var ia t ion of elements i n pyr i t e pa r t ly depends on the tanpera-
ture of formation. I ^ r i t e from high-temperature deposits i s generally 
high i n Se (Howard 1977)» high i n Co and low i n As (Hawley 1952). 
Therefore element var ia t ions i n pyrites may be used as a geochemical 
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method f a r detecting hidden ore deposits (Branov et a l . 1972, Kurtz et 
a l . 1975). . The py r i t e analyses i n the table are placed i n an order so 
those analyses at the bottom represent pyri tes from outer zones of the 
minera l i sa t ion and are probably formed i n lower temperature ccxiditions. 
The pyr i tes associated wi th molybdenite seem to contain higher amount 
of Re, Te, Se, Co and W while those found i n the outer zcne are r e l a -
t i v e l y enriched i n Fe, As and Au. Higher contents of Re and W may be 
re la ted t o the presence of molybdenite i n the samples. But no molyb-
denum was detected i n those pyr i tes . Brownlow and Kurtz (1979) stated 
that the p y r i t e from the Mo-Cu-bearing veins i n Boulder Bathol i th , 
Montana has lower Fe and higher S contents r e l a t i v e t o the f resh rock 
p y r i t e . Gold usually found as "mechanical admixtures" (Ramdohr 1969) 
i s present i n the outer zones of many porphyry mineralisat ion (Lowell 
and Guilbert 1970). 
Several other factors such as t ex tu ra l features, time of the 
formation, source of the elements may also be important i n respect of 
the d i s t r i b u t i o n of elements i n sulphide minerals. Rose (1967) indica-
ted that the so l i d d i f f u s i o n at temperature 300-500°C i s not e f f ec t ive 
i n a t t a i n i n g a homogeneous d i s t r i b u t i o n of trace elements, even over 
distajaces of a m i l l i m e t r e . Concentration of the elements i n pyri tes 
must be used w i t h considerable caution i n exploration of the ccce 
deposits .due to the wide range of va r ia t ion of the elaaents. 
3 . 3 . 3 . Cu-sulphides and -sulphosalts 
Chalcopyrite i s the main Cu-bearing mineral i n the area, closely 
associated w i t h the p y r i t e and also found wi th the molybdenite or w i t h 
the sphaler i te and galena. The chalcopyrite i s highly concentrated 
around the molybdenite mineral isat ions. 
The grain size of the chalcopyrite varies f r an submicroscopic 
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sizes t o 1-2 mm. The chalcopyrite usually penetrates in to the pyr i t e 
f r a n boundary or along fractures and i s also present as small rounded 
or oval crystals i n the py r i t e . I t less commonly occurs i n the quartz 
showing subidionorph or anhedral grains. Spherical droplets of the 
chalcopyrite i n sphaleri te are usually oriented pa ra l l e l to the 
crystal!ographic di rect icns i nd i ca t ing that they are products of 
exsolution (Ramdohr 1969). Bigger chalcopyrite crystals are found at 
both sides of the galena which f i l l e d the fractures of the sphalerite. 
Therefore c r y s t a l l i s a t i o n of the chalcopyrite i n Cu-Pb-Zn sulphide 
veins i s younger than or contemporaneous to the sphalerite and older 
than the galena. 
Electron probe microanalyses of the chalcopyrite are given i n 
Table 3 . 2 . Sample C48A i s taken from the Mo-mineralisation zone and 
sample 012 from a sphalerite-galena ve in . Variations of Te, As and Au 
contents of the chalcopyrites across t t e ore zcaies are i n agreement wi th 
those' of tHe py r i t e . But Pe contents of the chalcopyrite do not show 
any s i g n i f i c a n t va r i a t i on , Se was not detected, Re enriched i n one 
sample frcm the outer ore zone and Co i s lower i n one sample containing 
molybdenite. A large number of analyses and s t a t i s t i c a l presentation of 
data are necessary to confirm a l a t e r a l and v e r t i c a l zoning i n the 
element contents of sulphides. 
Other Cu-bearing minerals, enargite, bomi t e , te t rahedr i te-
tennanti te and cove l l i t e are recognised i n addi t ion to the chalcopyrite. 
The enargite, wi th or without chalcopyrite and quartz, occurs i n the 
p y r i t e as small , rounded-oval grains (50-300^). I t has a s imi la r d is -
t r i b u t i o n t o the chalcopyrite but was not recorded i n those veins 
inc lud ing sphaler i te and galena. Other Qi-sulphides and -sulphosalts 
were determined i n only one sample (01 OA) which i s taken near the 
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molybdenum mineral isat ion i n Koyyeri dere. The bomi t e and t e t r a -
hedri te- tennant i te are found as small inclusions (around 50/*) i n 
py r i t e while the cove l l i t e occurs along the fractures of sulphides, 
3 .3 .4 . Sphalerite and galena 
The sphaler i te and galena usually occur together i n the veins 
which are d i s t r ibu ted i n the outer zones of the Mo-Cu minera l i sa t ia i s . 
The sphaler i te i s red-brown to black i n colour. The galena shows 
me ta l l i c l u s t r e and cubic crysta l form i n hand specimens. Both 
minerals f i l l the interspaces of the brecciated pyr i te pieces and often 
replace them. The replacement may best be seen i n a vein found at the 
southwestern side of Top tepe where the sphaleri te pseudomorphically 
replaces cubic py r i t e crystals usually leaving r e l i c t s at the centre. 
The sphaler i te i n the larger veins contain exsolution blebs of the 
chalcopyrite which are generally arranged para l l e l to the cubic and 
tetrahedral ' c rys ta l faces. The galena has indus ions of the pyr i t e , 
chalcopyrite and sphaler i te . I t i s found i n the fractures and often 
penetrates i n t o the sphaler i te ind ica t ing that i t i s the youngest 
sulphide phase i n the area. 
Two sphaler i te and two galena were analysed by electron probe. 
One of the sphaler i te i s r i c h i n Fe and Qi. The s o l u b i l i t y of the Fe 
i n the sphaler i te i s s t rongly temperature dependent and increases at 
higher temperature. Cu can also be soluble at high temperature and 
lower Fe fugac i ty (Ramdohr 1969). The high Cu content i n sample 012 
could be accidental due to the submicroscopic chalcopyrite crystals i n 
the sphaler i te . The Fe, Cu, Mn and Au contents of the galena are 
lower r e l a t i v e to those of the sphaleri te . 
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3 . 3 . 5 « Oxides 
The magnetite and hematite i n the Ekneksan area occur i n a few 
cm wide i r r e g u l a r veins and usually associated wi th the quartz. 
Relations of these oxide minerals to the ore mineralisaticai i s somewhat 
obscured. They are found f a r away from the molybdenite deposits. The 
hematite pseudomorphically replaces the magnetite i n a vein near Top 
tepe which show s imi la r extension, size and gangue minerals to the 
nearby pyr i t e - spha le r i t e vein . Other magnetite-hematite veins occur i n 
the Esenli po rphyr i t i c adamellite near the contact of the in t rus ion at 
northeast of Kel tepe and southeast of Kumya mah. No sulphide minera l i -
sat ion were found around these areas. The hematite showing tabular 
crysta l form scattered throughout the quar tz-chlor i te matrix near Kumya 
mah. The magnetite widely replaces the tabular hematite crystals i n the 
vein near Kel tepe. A 50 m hemat i t io- l imor i i t ic zone developed i n the 
porphyr i t i c adamellite along the contact wi th microgranite near EoBeksan. 
Minor amounts of r u t i l e are found i n the veins occurring wi th the 
p y r i t e , molybdenite and Cu-Fb-Zn sulphides. Microscopic i d e n t i f i c a t i o n -
of the r u t i l e i s confirmed by the electron probe analysis. The r u t i l e 
i s subhedral-anhedral sind ra re ly shows needle-like crystal form. I t 
sometimes occurs i n the p y r i t e as inclusions ind ica t ing ea r l i e r c rys t a l - ; 
l i s a t i o n . 
A manganese oxide mineral showing dendr i t ic growth on the 
f rac tures of the rock i n the potassic a l t e r a t i o n zone i n Esenli dere 
was recognised during the f i e l d work. I t probably shows redeposition 
of leached Mn from the hydrothermally a l tered rocks jus t a f t e r the Mo-
minera l i sa t ion (chapter 7 ) . Two samples from Kara tepe and Esenli dere, 
whose exact locat ions are not known, include collofonn pyrolusi te 
associated w i t h quartz and hematite and some vein samples (R3C, 215E, 
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251 B ) taken away from the Mo-mineralisation show considerable enrich-
ments i n manganese oxide, 
3 . 3 . 6 . S i l i ca tes 
Quartz i s the most prominent mineral i n the sulphide veins. I t 
i s anhedral apart from that occurring i n the cavi t ies . The molybdenite-
quartz veins are t h i n (around several cm wide) i n the porphyr i t ic adamal-
l i t e i n Esenli dere while they reach over 1 m i n the upper part of the 
stream. Size of the sulphide veins increases frcm centre to outer zones 
of many porphyry deposits (Lowell and Guilbert 1970). The mineralogical 
evidence suggests that the quartz was c rys ta l l i sed i n more than one 
phase. I t s inclusions sometimes as euhedral crystals are found i n the 
py r i t e . The molybdenite and darker quartz are present between the 
pieces of the brecciated py r i t e and creamy-white quartz. 
The K-feldspar associated wi th the quartz commonly occur i n the 
inner part of the Mo-mineralisations. They are the main constituents 
of the f i n e grained material found i n the potassic a l t e ra t ion zone i n 
Esen l ide re . Zoning around a pyri te-quartz vein (Plate 3 .1 ) c lear ly 
indicate the sequence of the c r y s t a l l i s a t i o n as below: 
K-feldspar + quartz + b i o t i t e + minor molybdenite . 
» Pyr i te + quartz 
The molybdenum mineral isat ion i s contanporaneous and also post-
dates the K-fe ldspar-quar tz-b io t i te assemblage. 
The electron probe microanalyses show that the f i n e grained K-
feldspar from the potassic a l t e r a t i o n zone (sample 501) has higher 
orthoclase content r e l a t i v e to the K-feldspar phenocrysts of the 
adamellites. X-ray pattern of the same K-feldspar crystals indicates 
higher t r i c l i n i c i t y showing lower value of (204) peak and s p l i t t i n g 
i n t o . ( 1 3 1 ) and (131) of the (131) r e f l e c t i o n . These features imply 
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Plate 3 . 1 : A K-feldspaivquar tz-biot i te vein, 
including minor molybdenite, cut 
by a younger pyrite-quartz vein, 
i n Esenli Dere. 
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that the K-feldspars associated wi th the ore mineral isat ion are formed 
i n lower temperature conditions r e l a t ive to those i n the f resh rocks. 
Mode of occurrence of the b i o t i t e varies i n the Emeksan sirea. 
The euhedral-subhedral b i o t i t e crystals i n the f resh in t rus ive rocks 
are generally found as larger grains. Minor amount of b i o t i t e charac-
t e r i s t i c a l l y occurs as disseminated small crystals (around lOOyi/ ) i n a 
f i n e grained matrix of K-feldspar-quartz from the potassic a l t e r a t ion 
zone i n Esenli dere. Various shades of brown are the most predominant 
pleochroic colours of the l a t t e r b i o t i t e s . Pine to medium grained 
f lakes of b i o t i t e are associated wi th the pyr i t e i n the veinlets of 
a l t e red rocks from the mineralised areas. The b i o t i t e s are altered to 
Pe-Ti oxides and replaced by the s e r i c i t e and ch lo r i t e i n the hydro-
thermical ly a l tered rocks, 
A number of analyses of the b i o t i t e s from fresh rocks, hydro-
thermica l ly a l tered rocks and from the potassic zone were made. Some 
element contents of the b i o t i t e s vary s i g n i f i c a n t l y between these 
groups. The PeO contents are lower and MgO contents are higher i n the 
b i o t i t e s from the potassic zone r e l a t i v e to the other groups. 
Difference i n Mg/(Mg + Pe) r a t i o w i l l thus be more s i g n i f i c a n t . The 
Mg/(Mg + Fe) ra t ios of the b i o t i t e s vary between 0. 54 and 0.64 i n the 
f resh rocks while they are i n the range of 0.7I - O.74 i n the potassic 
zone (Pig . 3 . 5 ) . The b i o t i t e s associated wi th the pyr i t e i n p h y l l i c , 
a r g i l l i c and p r o p y l i t i c a l t e r a t i o n zcsnes generally show higher Ms/(Mg + 
Fe) r a t i o s can pared t o the f resh rock b i o t i t e s . Variat ion of the other 
element contents of the b i o t i t e s are less d i s t i n c t i v e . There seems to 
be an increase i n Si02 and i n Al20^ and a decrease i n TiO^ contents of 
the b i o t i t e s towards the potassic a l t e r a t i o n zone. 
Because the complex chemistry of b i o t i t e can be control led by 
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many thermodynamic variables, i t s compositicn d i f f e r s during the igneous 
and hydrothexmal events leading t o the formation of porphyry deposits. 
Levels and var ia t ions of the elements i n the b i o t i t e s frcm many porphyry 
Cu-Mo deposits are usually comparable to those from the Emeksan area. 
For example Moore and Czamanske (l973) have noted that the a l t e ra t ion 
b i o t i t e generally contain more S i , A l and K and appreciable less T i 
than b i o t i t e from the unaltered rocks and the average Mg/(Mg + Pe) r a t i o 
f o r the hydrothermal b i o t i t e i s 76 while that f o r the primary b i o t i t e 
i s 64 i n the Bingham deposit. I t i s commcnly believed that the Mg i s 
substi tuted f o r Pe and T i exsolved as r u t i l e during a l t e r a t i on i s 
compensated by addi t ion of A l . Jacobs and P^rry (l979) have i n t e r -
preted the various texture and composition of b io t i t e s from the Santa 
Rita porphyry deposit as a proof f o r the orthcmagmatic model of ore 
deposition as described by Burham (1965) and Neilsen (1968). 
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CHAPTER POOR 
STRUCTURAL GEOLOGY 
4 . 1 . In t roduct ion 
The. Pontid geotectonic uni t extends i n an E-W di rec t ion and i s a 
d i s t i n c t i v e s t ruc tura l feature. The Kelkit-Coruh depression has 
generally been taken as a boundary zone between the Pontids and 
Anatolids. 
The s t ruc tu ra l s t y l e of the Pontids has often been defined as 
"Germano-type fau l ted blocks" (Schultze-Westrum 196I, Gattinger et a l . 
1962, Goksu et a l . 1974). Tectonic movements have camnonly occurred 
along f a u l t planes which trend HE-SV/ and IW-SV/ with subsidiary but 
important f a u l t s i n the N-S and E-W direct ions . Step f a u l t i n g , 
associated wi th graben and horst structures, i s reported from a number 
of places. A series of these step f a u l t s , showing downthrow towards 
the Black Sea, and more or less pa ra l l e l to the coast near Trabzon, 
are quoted by several authors (e .g . Egin 1978). 
Ketin (1966) has marked a large geoanticline on the tectonic map 
of Turkey. He has placed the a n t i c l i n a l axis , which extends approxi-
mately E-W, i n the central part of the Pontids. This axis coincides 
wi th the exposures of the g r a n i t i c bathol i ths . Yucel (1973) has 
described f a u l t s wi th E-W axes a f f e c t i n g both the Mesozoic and Tert iary 
formations of the Gumushane region, while Popovic (1975) and Koprivica 
(1976) have pointed to several fo lds extending E-W, ENE-V/SW and HB-SVr 
i n the Murgul area of the eastern Pontids. In contrast to other geo-
tectonic uni t s of Turkey, major thrusts , nappes and large scale f o l d i n g 
are not common i n the Pontids. 
The spa t ia l association of the igneous rocks of the Pontids wi th 
f a u l t s , ' especial ly wi th the conjugate KB-SiV and F.V-SV/ directions has 
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been demonstrated previously (Tugal 1969> Egin 1978). This association 
has generally been interpreted as an ind ica t ion of a genetic r e l a t i o n -
ship between the f a u l t s and the hypabyssal and volcanic rocks, 
4 . 2 . S t ructura l features of Sneksan 
Ko bedding planes are recorded in the Basement rocks of Ehieksan 
and apart from a local N-S d i rec t ion , the schis tosi ty usually trends 
i n the NE-SW d i rec t ion . The schis tos i ty generally s t r ikes N45-5OE and 
dips 30*^-75° towards the KW. This general trend may have par t ly 
influenced the boundaries of the in t rus ive rocks, although NB-SW 
extension may also be produced by stress conditions preva i l ing during 
the emplacement of the magmatic rocks, as explained below. The pre-
Mesozoic foroiations of the Pontids, i n other areas, have a complex 
s tructure (Goksu et a l , 1974). 
The Upper Cretaceous py rodas t i c t u f f s i n the northern part of 
the area do show some bedding planes, but have no constant trend. I t 
i s , therefore , d i f f i c u l t to construct a unique stress pattern f o r the 
T e r t i a r y fonnations of the area. Various direct ions of bedding planes 
may imply a s h i f t i n the d i rec t ion of the maximum stress accompanied 
by the various Ter t ia ry magmatic pulses. They may, of course, be 
o r ig ina l trends rels-ted to an i r r egu la r topography on which the t u f f s 
were deposited. 
The.small intrusions and dykes i n the area are generally disposed 
i n NE-SW, M-SW and N-S direct ions. The doler i te dykes are v i r t u a l l y 
confined t o a N-3 zone east of Emeksan, separate do le r i t e dykes usually 
extending/in the H-S d i r ec t i on ( H a t e 4 . I ) . The basic character and 
near v e r t i c a l contacts of these dykes may imply that these N-S . ' 
s t ructures are deep-seated, tapping p r imi t ive magma. This zone would 
thus produce the least f rac t ionated magmatic rocks i n the area. Since 
Plate 4 . 1 : A near -ver t ica l do le r i t e dyke extending i n the N-S 
d i r ec t i on cu t t ing granodiori te . The dyke i s not 
a f fec ted by hydrothermal ve in le t s . Sample point R9. 
Plate 4 ,2: Small quartz veins i n granodiorite cut by several p a r a l l e l , 
normal f a u l t s . A la te a p l i t e dyke also cuts the quartz 
veins. Sample point 113. 
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the v e r t i c a l dykes form normal t o the minimum stress ( H i l l s 1975)» 
compressional forces were p o s s i b l y d i r e c t e d N-S during emplacement of 
the d o l e r i t e . 
I t i s hard t o d i s t i n g u i s h a dominant f a u l t p a t t e r n i n the aneksan 
area. The f a u l t planes, and s t r o n ^ j l y f r a c t u r e d zones i n the igneous 
rocks, s t r i k e i n various d i r e c t i o n s but are concentrated along and 
around the N-S d i r e c t i o n . Step f a u l t i n g , observed at the western edge 
of Figure 2.1 has caused a d i f f e r e n t p a t t e r n i n the Gakrak Dere. 
Another major f a u l t , s t r i k i n g i n a E-W d i r e c t i o n and dipping 50° to 
75*^ towards the n o r t h occurs near Emeksan. Differences i n the topo-
graphic h e i g h t of the n e a r - h o r i z o n t a l g r a n o d i o r i t e - l e u c o g r a n i t e contact 
over t h i s f a u l t i n d i c a t e a downtlxrow of about 1 00 ra t o the nort h . 
Apical p a r t s of the i n t r u s i v e rocks i n the northern p a r t of the area 
are thus more l i k e l y t o be preserved. This may be an important f a c t o r 
i n e x p l o r a t i o n f o r ore deposits i n the area, A major K-S, near-
v e r t i c a l f a u l t i n the E s e n l i p o r p h y r i t i c a d a m e l l i t e i s c l o s e l y located 
t o the molybdenum m i n e r a l i s a t i o n . Strang c h l o r i t i s a t i o n and k a o l i n i s a -
t i o n found along t h i s f a u l t occur i n a trench over 2 m wide i n the north. 
There are a l a r g e number of small-scale normal f a u l t s i n the area. 
Pos i t i o n s of the veins u s u a l l y provide good evidence f o r r e l a t i v e move-
laant on, these f a u l t planes. An example of normal f a u l t i n g i s shown i n 
P l a t e 4 i 2 where g r a n o d i o r i t e , near a raicrogranite i n t r u s i c m , has been 
cut by several veins p r i o r t o being f a u l t e d . The r e l a t i v e movements of 
the veins indicg;he normal f a u l t i n g w i t h NS-SW s t r i k e p a r a l l e l t o the 
l a i c r o g r a n i t e contact. A 10 cm a p l i t e dyke c l e a r l y post dates the veins 
and f a u l t s , i t s i n t r u s i o n possibly having been f a c i l i t a t e d by contem-
poraneous f a u l t i n g . 
Slickensides were observed on a number of f a u l t planes. Angles 
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between the s t r i k e of the f a u l t s and the slickensides are given below: 
10 15 20 30 35 40 
45 50 60 65 70 60 
80 85 85 85 90 90 
One t h i r d of the measurements,showing sraaller values than 4 5 ° 
are r e l a t e d t o the N-S, n e a r - v e r t i c a l f a u l t s . Other measurements are 
r e l a t e d t o the conjugate NE-SW and NW-SS normal f a u l t s and the N-S 
f a u l t s . These sliokensides may be produced by compressional stress i n 
the N-S d i r e c t i o n . 
J o i h t s have revealed a d i a r a c t e r i s t i c s t r u c t u r a l p a t t e r n which 
may be r e l a t e d t o the d i s t r i b u t i o n of t e c t o n i c forces operative d u r i n g 
the c o o l i n g h i s t o r y of the magmatic rocks of, the area. Some j o i n t s are 
doubtless c o o l i n g j o i n t s and not d i r e c t l y r e l a t e d t o any t e c t o n i c 
event, some may represent f r a c t u r e s developed l a t e r . Rose diagrams f o r 
j o i n t s t r i k e s w i l l be examined separately. Pigiare 4.1a shows the j o i n t 
p a t t e r n i n the Esenli porphyrifcic adamellite near sample 525. Clearly 
NE-SW and IW-SE extending j o i n t s are dominant, generally c u t t i n g the 
h o r i z o n t a l plane a t high angles. Phenocrysts i n the p o r p l i y r i t i c 
adat/ieli.ii;e of Esen l i Dere are weakly aligned i n a E-W d i r e c t i o n ( P l a t e 
4.3)> elongate x e n o l i t h s a l s o shovving a s i m i l a r o r i e n t a t i a i . N-S 
compressive forces may be responsible f o r the 3-?^  arrangement of the 
phenocrysts and x e n o l i t h s . On t h i s model the conjugate NE-SW and 
M-SE j o i n t s can be c l a s s i f i e d as diagonal j o i n t s and the much weaker 
B-W j o i n t s as l o n g i t u d i n a l ones (Hatch et a l . 1>/75)« The diagonal 
j o i n t s a r e also p a r a l l e l t o the norraiil f a u l t s which represent tension. 
The wide development of NE-3V/ and I^ IW-SE extending j o i n t s i s t h e r e f o r e 
t o be expected (Nevin 1942). 
A s i m i l a r j o i n t p a t t e r n i s shown by a N\'/-SE extending andesite-
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a) 
b) 
c) 
FIGURE k.^:RoBe diagrams for the s t r i k e s of j o i n t s and 
fractures from: a ) E s e n l l porphyritic adaraellite, b)andesite porphyry, 
c)Emeksan po i p h y r i t i c adamellite, d) and e)granodiorite and f)leuco-
granlte.Each diagram represents approximately 100 measurements. 
cont..• 
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d) 
16 16 
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f ) 
PIGrURE 1: continued. 
Plate 4.^: K-feldspar phenocrysts i n the Esenli p o r p h y r i t i c adamellite 
showing a weak E-W alignment. The p e n c i l points 
eastwards. Fractures are f i l l e d by p y r i t e . Near t o 
sample l o c a l i t y 556. 
Plate A.A- A recent f a u l t cuts a stream terrace i n the southeast of the area. Note the e l e v a t i o n of the sediments from the 
stream bed. 
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porphyry dyke near sample R13, south of Top Tepe ( F i g . 4'1. b),, The 
o r i e n t a t i o n o f the NE-SW and IIW-SE j o i n t s i s s l i g h t l y d i f f e r e n t and 
l o n g i t u d i n a l j o i n t s are not developed. A s l i g h t s l i i f t i n the d i r e c t i o n 
of maxiraiini compressive stress s n d / o r the l i t h o l o g i c a l character of the 
rock may'be responsible f o r the change i n o r i e n t a t i o n . However, the 
general NE-SV/ and IM-3E j o i n t p a t t e r n of the andesite porphyry corre-
l a t e s w i t h the general s t r u c t u r a l p a t t e r n of the area. 
Rose diagrams f o r the Elneksan p o r p h y r i t i c adamellite, the grano-
d i o r i t e s near Eraeksan and near A s k a r l i Tepe and f o r the l e u c o g r a n i t e 
are shown i n Figures 4.1c, d, e, f r e s p e c t i v e l y . The dominant NE-SW 
and M-SE j o i n t p a t t e r n i s not c l e a r l y seen i n these diagrams, 
suggesting t h a t the t e c t o n i c forces were d i f f e r e n t during the e a r l i e r 
stages o f i n t r u s i o n of the Emeksan igneous rocks. However, other 
f a c t o r s , as discussed above, may complic--ite the j o i n t system. The 
Emeksan.porphyritic ad a m e l l i t e , around sample 131, shows NFiff-SSE 
extending j o i n t s i n a d d i t i o n t o a weak developnent of NE-SV/ and Nv7-SE 
j o i n t s , I I n the l e u c o g r a n i t e , around sample 183, the dominant j o i n t s 
extend E-W w i t h an a d d i t i o n a l broad dispersion aroimd the N-S directioaa 
which a r e p a r a l l e l t o the l o c a l and r e g i o n a l f a u l t p a t t e r n of the area. 
Two sets o f j o i n t measurements were c a r r i e d out i n the g r a n o d i o r i t e , 
one around sample 245 i n the n o r t h of the area, the other i n the south-
east around sample 13OH. They do not seem t o show any systematic 
s t r u c t u r a l p a t t e r n . 
The size and shape of the i n t r u s i v e rocks l a r g e l y depends on the 
l o c a l s t r u c t u r e , stress conditions i n the country rocks, and pressure 
and other physiaal conditions i n the i n t r u d i n g magra.as. The t e x t u r e of 
the l e u c o g r a n i t e , as shov/n above, implies a r e l a t i v e l y slow r a t e of 
c o o l i n g which re^iuires a q u i e t t e c t o n i c environment. Contaminated 
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l e u c o g r a n i t e adjacent t o the g r a n o d i o r i t e i n t r u s i o n i s e x t e n s i v e l y 
f r a c t u r e d w i t h f a u l t breccias and even small f o l d s developed i n t h i s 
zone. Country rocks around the various adaraellites are a l s o f r a c t u r e d . 
The upwards and outwards d i r e c t e d pressures of the i n t r u d i n g magma may 
d i s t u r b the s t r u c t u r e s o f the country rocks and impose new ones which 
are considered t o be an i n d i c a t i o n of f o r c e f u l i n t r u s i o n (Read and 
Watson 1977) ' X e n o l i t h s of the country rocks are widespread i n the 
g r a n o d i o r i t e and various adaraellites. The rounded and subrounded 
shape of the xenolifchs, and chemical oanposition of the intermediate 
i n t r u s i v e rocks disojsaed i n the next chapter, may i n d i a i t e some degree 
of a s s i m i l a t i o n . This a s s i m i l a t i o n process may p a r t l y f a c i l i t a t e 
emplacement of these l a r g e r i n t r u s i v e bodies. 
The small i n t r u s i v e bodies and dykes formed at a l a t e stage of 
the magmatism. The f i n e g r a i n - s i z e of these rocks would i n d i c a t e r a p i d 
c o o l i n g and dry conditions. The emplacements of the microgranite, 
andesite-porphyry and d o l e r i t e are c l o s e l y r e l a t e d t o the tension-and 
s h e a r s f a u l t s . 
I n Chapter One several examples were given o f recent movements 
i n the Pontids. The p o s i t i o n of stream terraces i n the area may a l s o 
i n d i c a t e t h a t t e c t o n i c movements have been e f f e c t i v e i n the Recent 
g e o l o g i c a l period. Near the southeastern comer of the study area, 
stream t e r r a c e s occur approximately 50 meters above the present day 
stream bed i n d i c a t i n g s t i l l - a c t i v e u p l i f t i n the area. This u p l i f t i s 
sometimes accompanied by small f a u l t s , as shown i n H a t e 4 .4-
4 . 3 . S t r u c t u r a l c o n t r o l of sulphide deposits 
The f a u l t s and f r a c t u r e s i n magiaatic rocks u s u a l l y provide 
channelways f o r hydrothermal s o l u t i o n s and thus play an important r o l e 
i n the l o c i t i o n of ore m i n e r a l i s a t i o n . Fractures may be created e i t h e r 
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by the r e g i o n a l t e c t o n i c forces or by the l o c a l stress conditions 
d u r i n g or p r i o r t o the m i n e r a l i s a t i o n . I k u l t s produced i n the l a t e r 
g e o l o g i c a l events, a l t e r the o r i g i n a l p o s i t i o n o f the ore deposits. 
S t r i k e s o f the Mo-bearing veins and f r a c t u r e s shown i n the rose 
diagram i n Figure 4.2a i n d i c a t e t h a t t h e dominant ore m i n e r a l i s a t i o n 
i n the Eraeksan area occurred i n a M.V d i r e c t i o n . Trends of the 
f r a c t u r e s , whether mineralised or not, i n a stockwork-type mineralised 
area near the major N-S f a u l t i n Esenli Dere ( F i g . 4 .2b) also show the 
dominant NM d i r e c t i o n . The d i s t r i b u t i o n of the main m i n e r a l i s a t i o n 
i n a broad ffi'IW t r e n d i n g zone, f r a n fineksan t o Esen l i Dere, f u r t h e r 
v e r i f i e s t h a t t h e KF// d i r e c t i o n i s an important s t r u c t u r a l f e a t u r e w i t h 
respect t o the molybdenite m i n e r a l i s a t i o n . 
The rose diagram f o r the d i s p o s i t i o n of molybdenite veins 
( P i g . 4 .2a ) d i s p l a y s subordinate measurements i n other d i r e c t i o n s . 
These may r e s u l t from the molybdenite i n f i l l i n g j o i n t s and f r a c t u r e s 
created p r i o r t o the m i n e r a l i s a t i o n ^ 
The i n c l i n a t i o n o f the molybdenite veins t o the h o r i z o n t a l plane 
shows d i s t i n c t i v e features i n the area. They are generally higher i n 
t h e E s e n l i p o r p h y r i t i c a d a m e l l i t e than i n the g r a n o d i o r i t e near Emeksan 
or t h e contaminated l e u c o g r a n i t e of Esen l i Dere ( F i g . 6 . 1 ) . The 
presence o f low-angle molybdenite veins has also been reported frcm 
other deposits. I s h i h a r a (1970) has shown t h a t molybdenum deposition 
i n f l a t - l y i n g v e ins i s one o f the c h a r a c t e r i s t i c features of the 
Japanese Mo-deposits. He has r e l a t e d t h e m i n e r a l i s a t i o n t o the f i l l i n g 
of c o o l i n g j o i n t s i n t h e g r a n i t i c rocks. White et a l . (1976) have 
suggested t h a t f l a t - l y i n g f r a c t u r e s showing molybdenite m i n e r a l i s a t i o n 
i n the Adanac deposit, B r i t i s h Columbia, r e s u l t e d from r e l a x a t i o n of 
upward magma pressure a f t e r the emplacement of the stock. The high 
3i 
FIGURE 4,2: Rose diagrams for the s t r i k e s of a)molybdenite-
baaring veins and fractures ( 9 2 measurements), b)fractures and sulphide 
veins from the ^ tockwork-type mineralised area i n E s e n l i dere(l27 
measureaents). 
94 
frequency of ge n t l e - d i p p i n g f r a c t u r e s and ore m i n e r a l i s a t i o n around 
p o r p h y r i t i c a d a m e l l i t e i n t r u s i o n s probably i n d i c a t e s a genetic r e l a t i o n -
s h i p w i t h the eiapl a cement of the younger i n t r u s i v e rocks. 
Lowell and G u i l b e r t (197D) bave revealed t h a t the mode of 
emplacement of the i n t r u s i v e rocks associated w i t h the porphyry-type 
of m i n e r a l i s a t i o n shows d i s t i n c t i v e features. Qnplacement of the 
porphyry copper deposit host rocks i s passive, showing replacement, 
s t o p i n g and a s s i m i l a t i o n of the intruded rocks. Forceful emplacement 
of the host rocks i s more widespread among the porphyry molybdenum 
deposits of the North American C o r d i l l e r a . I s h i h a r a ( l 9 7 0 ) has however 
pointed out t h a t the molybdenum deposits i n Japan were formed i n a 
vquiet environment at the end of the b a t h o l i t h i c i n t r u s i o n of the 
g r a n i t e s . The p o r j i h y r i t i c a d amellite associated w i t h the molybdenum 
m i n e r a l i s a t i o n i n the Emeksan area shows r e l a t i v e l y f o r c e f u l emplace-
ment anid v a r y i n g degrees of a s s i m i l a t i o n . The abundance of f a u l t i n g 
and f r a c t u r i n g i n the mineralised areas, and of slickensides and 
breccias i n the Mo-bearing veins, may i n d i c a t e an a c t i v e t e c t o n i c 
environment associated w i t h the m i n e r a l i s a t i o n . 
Kamitani et a l . (1977) ^'^^ i n d i c a t e d t h a t molybdenite and other 
sulphide veins i n the Emeksan and Gakildag areas have a dominant KFvV 
o r i e n t a t i o n . Trends of the base metal sulphide veins i n the Pontids 
are, however, d i f f e r e n t from those of the molybdenite veins. Pollak 
(1968) has s t a t e d t h a t the sulphide m i n e r a l i s a t i o n i s c o n t r o l l e d by 
two f r a c t u r e systems: KE-SW (5O-60) and NW-SE (120-130) . The l a t t e r 
set of f r a c t u r e s i s r e l a t e d t o the main Pb, Zn, Cu m i n e r a l i s a t i o n 
w h i l e p y r i t e occurs i n the other set. A k i n c i (1974) has also found 
s i m i l a r r e s u l t s from f l u i d i n c l u s i o n studies which i n d i c a t e the 
importance of the 1W-S3 system f o r the v e i n m i n e r a l i s a t i o n . Cumus 
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(1970) has, however, r e l a t e d the main base-metal m i n e r a l i s a t i o n of the 
Pontids t o the NE-SW trend while f r a c t u r e s i n the N-3 and E-W d i r e c t i o n s 
a l s o play an important r o l e during ore deposition i n the Murgul area, 
as pointed out by Snelgrove (1971). 
The p a t t e r n of hydrotheraial a l t e r a t i o n and m i n e r a l i s a t i o n of 
porphj'ryT-type deposits, and the emplaceirient o f the associated magraatic 
rocks, appear to be c o n t r o l l e d by the i n t e r s e c t i o n of major structures 
i n many areas. The l o c a t i o n s of several porphyry deposits i n south-
western North America have been a t t r i b u t e d t o major orogen and f a u l t -
aone i n t e r s e c t i o n s ( S i l l i t o e 1972a). The Chaucka porphyry copper 
deposit i n Ecuador i s s t r o n g l y c o n t r o l l e d by the i n t e r s e c t i o n of two 
predoainant s t r i k e - s l i p f a u l t s (Goossens and H o l l i s t e r 1973). Bowen 
and Gunatilaka (1977) have i n d i c a t e d t h a t s t r i k e - s l i p f a u l t s , developed 
as a r e s u l t of p l a t e movements, are commonly associated w i t h porphyry 
copper deposits. Garson and M i t c h e l l (197?) have considered t h a t the 
transform and tra n s c u r r e n t f a u l t s which were a c t i v e , or r e a c t i v a t e d , 
d u r i n g the subduction process are the important s t r u c t u r a l elements 
c o n t r o l l i n g porphyry m i n e r a l i s a t i o n . 
The major N-S f a u l t i n Esenli Dere i s a n e a r - v e r t i c a l , s t r i k e -
s l i p f a u l t . The angles of the slicke n s i d e s w i t h the h o r i z o n t a l plane 
on t h i s f a u l t are v a r i a b l e but r a r e l y exceed 3 5 ° . Many f r a c t u r e s and 
sulphide veins are approximately p a r a l l e l to t h i s major f a u l t although 
sliclcensides on the molybdenite veins i n d i c a t e t h a t the t e c t o n i c move-
ments occurred not only i n the n e a i ^ h o r i z o n t a l d i r e c t i o n but i n other 
d i r e c t i o n s also. 
. Poles of the molybdenite, p y r i t e and other sulphide veins and 
of hydrothertnally a l t e r e d f r a c t u r e s liave been p l o t t e d can an equal-area 
stereographic p l o t ( F i g . 4.3). I n t e r s e c t i o n s of the poles on the lower 
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maximum, o^mean, <r^  minimum (compressive) stress. 
FIGURE 4.3:Poles of the sulphide veins and fractures 
showing i^ydrothermal a l t e r a t i o n placed on the schmidt net (315 
measureaents).. 
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hemisphere were projected onto the plane. A 0. 5 cm g r i d was used, 
w i t h a Schmidt net 10 cm i n diameter, and a centre counter of 1 cm 
diameter. The diagram reveals a high concentration of the measure-
ments i n two p o s i t i o n s : N06-20W/70-8BNE and HO4-I8E/68-86NW. Several 
shear f r a c t u r e s developed p a r a l l e l t o these trends. The p r i n c i p a l 
stresses which produced most of the veins and f r a c t u r e s i n the area 
r e l a t e t o the axes CTj, CT^ , (Hobbs et a l . 1576), as shown i n the 
diagram. . The maximum compressive stress acted towards the north and 
the minimiun s t r e s s was l o c a t e d i n E-W d i r e c t i o n . This c o r r e l a t e s w e l l 
w i t h other s t r u c t u r a l elements i n the area. Trends of the l a t e dykes, 
and alignments of the phenocrysts and x e n o l i t h s could a l s o be produced 
i n response t o northward d i r e c t e d compression. 
The United Nation's work (1574) cn the Bakircay porphyry Ch-f^o 
deposit has shov/n three main s t r u c t u r a l trends: NNW, NNE and WNV/. 
Apart from the igM t r e n d , which i n r e l a t e d t o the North Anatolian 
f k u l t , s t r u c t u r a l features of Bakircay and Emeksan mi n e r a l i s a t i o n s are 
comparable. Ta y l o r and Fryer 0 9 8 0 ; have stated tttst hydrothermal 
a l t e r a t i o n dad mineralisation &% Ulutas poz^hyry copper deposit 
trend WflJS, 
Tlie d i r e c t i o n o f the maximum compressive stress a x i s , from south 
the n o r t h , can be r e l a t e d t o the proposed subducticn zone i n the area. 
The o p h i o l i t e zone, w i t h f o l d i n g and t h r u s t i n g i n the southern part of 
the Pontjids, v a r i a t i o n , i n metamorphic grade of the sedimentary rocks 
and i n the chemistry of the magmatif rocks across the area a l l suggest 
an axicient, northward d i p p i n g B e n i o f f zone beneath the Pontids, as 
explained i n Chapters 1 and 3. 
The generation and d i s t r i b u t i o n of many ore deposits have been 
explained i n the framev/ork of p l a t e t e c t o n i c s . • For example, porphyry 
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Cu-Mo and Kuruko-type s t r a t i f o r m massive sulphide deposits l i n e a r l y 
l o c a t e d i n the circum-Pfeicific and Alpine erogenic b e l t s have been 
g e n e t i c a l l y r e l a t e d t o B e n i o f f zones and the r e s u l t i n g widespread 
v o l c a n i c and subvolcanic igneous a c t i v i t y ( S i l l i t o e 1972a, M i t c h e l l 
and Gorson 197?)- The type of m i n e r a l i s a t i o n foraed a t consuming 
p l a t e margins depends on various f a c t o r s . By-product elements of the 
porphyry copper deposits u s u a l l y vary w i t h the thickness of the 
c o n t i n e n t a l c r u s t . Porphyry deposits developed i n i s l a n d arcs tend t o 
have ancfflialously high by-product gold, while those developed .in a 
co n t i n e n t a l c r u s t , i n c l u d i n g a c r a t o n i c environment, are more l i k e l y 
t o c ontain s i g n i f i c a n t by-product molybdenum ( H o l l i s t e r 1975). 
I n t r u s i v e rocks associated w i t h porphyry deposits i n i s l a n d arcs show 
c h a r a c t e r i s t i c d i f f e r e n c e s from those on co n t i n e n t a l margins, having 
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les s K, Rb, Pb and i n i t i a l 'Sr/ Sr r a t i o s and hig^i Cu and Zn (Xesler 
et a l . 1975). 
Generation of magna, and subsequently ore deposits, p a r t l y 
depend on the distance fr«.im the trench and the r e l a t i v e time of the 
m i n e r a l i s a t i o n t o the subduction process. S i l l i t o e (l972b) has defined 
the f o l l o w i n g sequence, w i t h the i n c r e a s i n g depth o f subduction zone, 
i n western America: Fe; Cu ( w i t h some Au and Mo); Fb, Zn and Ag; and 
Sn or Mo. M i t c h e l l and B e l l (1973) have described several stages i n 
the e v o l u t i o n of an i s l a n d arc and f ornation of m e t a l l i c mineral 
deposits. They i n d i c a t e t h a t the s t y l e of the magmatism and ore 
m i n e r a l i s a t i o n i n i s l a n d arcs during the l a t t e r periods of t h e i r 
e v o l u t i o n may resemble those i n c o n t i n e n t a l margins. 
The ore deposits of the Pontids show some c h a r a c t e r i s t i c d i s t r i -
b u t i o n f e a t u r e s . Massive sulphide deposits are located near the Black 
Sea coast w h i l e porphyry-type m i n e r a l i s a t i o n occurs i n the i n t e r i o r 
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and southern p a r t of the area. This crude zonal d i s t r i b u t i o n i s 
r e l a t e d t o the a s s o c i a t i o n of the ore deposits w i t h s p e c i f i c magmatic 
se r i e s and d i f f e r e n t l e v e l s of erosion. The massive sulphide deposits 
are associated w i t h the a c i d i c products of the t h o l e i i t i c Upper 
Cretaceous v o l c a n i c cycle (Egin 1978). Laznicka (1976) has pointed 
out t h a t porphyry deposits are r a r e i n t h e pre-Oligocene of the Lesser 
Caucasus. The prophyry m i n e r a l i s a t i o n o f the Pontids i s r e l a t e d t o 
the c a l o - a l k a l i n e i n t r u s i v e rocks of Oligocene age. U p l i f t and 
subsequent erosion r e s u l t s i n these porphyry deposits being exposed 
a t h i ^ e r topographic l e v e l s . The development of the two major 
m i n e r a l i s a t i o n groups may thus be explained by the e v o l u t i o n of the 
Pontid i s l s j i d arc. They r e s u l t from the subduction process during the 
Mesozoic and Cenozoic and the h i g h l e v e l of u p l i f t associated w i t h the 
i n t r u s i v e rocks. 
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CHAPTER FIVE 
PETROGHErvHSTRy 
5.1. I n t r o d u c t i o n 
I n previous chapters, rocks are described according t o t h e i r 
mineralogy, t e x t u r e , s t r u c t u r e and r e l a t i o n s h i p w i t h each other. The 
chemical v a r i a t i o n w i t h i n and between rock u n i t s should be i n t e r e s t i n g 
and could h e l p an understanding of the i n t r u s i o n mechanism and, 
consequently, t h e nature of the Mo m i n e r a l i s a t i o n . 
A l l diemical data contained i n t h i s chapter were produced by 
X-ray fluorescence spectrometry, the d e t a i l s of which, together w i t h 
the data,; are presented i n Appendix 1 . 
During the f i e l d work, n e a r l y 5OO samples were c o l l e c t e d frcm 
the veins and rocks, a l t e r e d or unaltered. Most of the samples were 
analysed f o r the major elements. S i , A l , Pe, Mg, Ga, Na, K, T i , Iti, S 
and P, and the t r a c e elements, Ba, lib, Zr, Y, Sr, Rb, Zn, CU, N i and Mo. 
When c o l l e c t i n g the rock samples most a t t e n t i o n was given t o 
ensuring t h a t the sample was rep r e s e n t i v e f o r t h a t area. A g r i d - l i n e 
method of sampling could not be c a r r i e d out because of the t h i c k , 
f o r e s t - s o i l covered n o r t h faces of mountains of the studied area. An 
approximately 100 meters of distance between the rock samples from the 
min e r a l i s e d area was extended t o an i n t e r v a l of more than 5OO meters 
f o r those areas away from the m i n e r a l i s a t i o n . 
As i t w i l l be shown i n the l a t e r chapters, potassic, p h y l l i c 
and a r g i l l i c a l t e r a t i o n caused anomalous concentration of c e r t a i n e l e -
ments. Samples a f f e c t e d by these a l t e r a t i o n s are t h e r e f o r e ignored i n 
t h i s chapter. I n t o t a l , 267 unaltered or s l i g h t l y a l t e r e d rock analyses 
are used i n discussing the chemistry of the groups. Mean values and 
101 
standard deviations f o r major and minor elanents from each rock-type 
have been calculated (Table 5 . l ) « I n the lithochemical exploration 
maps (Pig. 7 . 3 - 7 . 1 5 ) almost a l l analyses f a r from mineralisat ion, 
a l t e r a t i o n and other intrusions f a l l w i t h i n the meaji + 2 standard 
deviations. They may thus be considered to l i e below the threshold 
f o r anomalous concentrations and are therefore good representatives 
of the rock types (Siegel 1 9 7 4 ) . These same analyses have been used 
t o p lo t the chemical va r i a t i on diagrams. 
5 . 2 . General chemistry 
The mineralogical and tex tura l differences described i n previous 
chapters should also be r e f l ec t ed i n the chemistry of the groups. 
Each of the d i f f e r e n t rock types recognised i n the area has i t s own 
charac te r i s t ic range of chemical compositiai which agrees wel l with 
world averages f o r that rock type as given by Kockolds ( 1 9 5 4 ) and 
Le JifJaitre ( 1 9 7 ^ ) . The in t ru s ive rocks show f a i r l y homogeneous compo-
s i t i o n s , while the basement rbcks and rhyodaci t ic t u f f s have greater 
standard deviations than the rest of the rock series. 
2 
The quar tz -d io r i t e occurs as a small stock ( 0 . 0 1 km ) i n the 
green schists and has a r e l a t i v e l y early in t rus ion age. However, i t s 
emplacement during the Ter t iary i s disputable. The very low levels 
of a l k a l i elements, r e l a t i v e to the other in t rus ive rocks, imply a 
d i f f e r e n t geological environment as discussed i n Chapter 2 . 
The presence of b i o t i t e r i c h zones i n some of the contaminated 
leucogranite samples causes a wide range i n the chemical composition 
of i t s ajialyses. Deformation and mineral isat ion of the contaminated 
leucogranite by the subsequent granodiorite and porphyr i t i c adamellite 
intru.sions has also a l tered i t s composition; especially Na20 and K^O. 
For these reasons the quar tz -d io r i t e and contaminated leucogranite have 
1 6 FEB 1981 
102 
o +> 
S 8 
1 1 
1 1 
Of 
a o 
o i T ^ o o o d c5 <3 d o cS cJ *" d 0 N ' < r > o o \ a J 
• • • • • t • _9 ^ • 0 < 0 ( n u \ ^ ( n ^ g ^ % j % 
T l - l A T j - m T » - C J - r l - O O O O T- rrt e<l T- ^ 
VO VO T - 1-
? -? • • • • • • • • • 
C O O O O Q O O O O O O C M r > ^ g \ ^ \ 0 ( M T > 
= u > 4 d d d , ^ u ; d d d d ^ r : ^ S $ ? : . < ^ ' ^ ' -
CD f~ r- . r - CM . 
ro r--(»i I T i O O O O O (»i Tl-Tj-vo O O O d O O O d 
t ~ - t ^ ^ 1-
8 CM ?\ rS vo ^ ^ o Q 8 8 CT\ O) r - oo CM r - os co ir> 
. ai T- y- o o o o T- o o o o t - o o m o o c M o x ^ T - . 
CM I * -
i T i j u i ~ - v j ' < » - o 4 r - t o J J - T T V ? » ~ r x ^ ir\ tn 
„ t ^ O r ~ O m ^ c \ j C M O O O \ o ' • • • • • . • 
w j - v o ' . - t - T - ' t m o O d o m eg r - r - T-
^ r - 0 \ o t ^ f O C O ' « t i r v r M O ( j \ t ~ c o r ~ c M c o ^ r o O i n ( » » c a c M ' ^ i A r n i r i O r ~ 0 ' ^ r j r ~ i n c \ i » ^ 
CM CO 00 a\ CO iri ir> <T\ » - o •>a-cvj m o 1 - O o o r - T - i » - » - o < N r - m c D ' C - r o c o CM 
rlCJN-^OD O O ^ O CM CM \o o ir \o o o o d d O O i-
10 f i . o O t - ' ^ o p < 3 0 o o t - < n - j o \ C M ^ o 
lA ON cr\ "* m CM o \ T - O T - CM r - O iri i / \ iTi O lA 
a t ~ v x ) o o i r > o o c M O O o o o CM r - CM TJ- ^ 
r n r - - c T \ C D t j s e o Q c - - [ ~ . o o c M T - ^ v p ' ^ t ^ v o r n c ' c \ e r - C T N ' « t c M ^ c o t ~ - o o i r \ c a T - a ) irvvo O ^ O N r - O T -
^ lA T - ON ^  V O ( T ^ <D O CO -"a-1-->-CH O O O •.- (T\ t— ro l A (M CO C— rOAOlA T - - - t -
^ d i A \ o 00 lAvo r^cj> r - d d d d d d d d d d »-
lAVO T- T-
^ o « - T - i A i r > M j - o s T - o o o o o c M \ o r > - t « ^ ^ 0 
c o ^ c \ I » ^ d d T ^ d d d d d J ^ c J r A v o r ~ d i A « * ^ 
r~ CM CM N 
C M = ^ c i CM- ^* d ^ - ^ d d d d := ?L 57 S 5: & s 
^ . r - ^ . ^ ^ 
0 0 \ c y > ^ C — r ^ t - - O \ Q l A o j r n i A ' r - ^ i r N Q ^ O v 0 r - O O - r - C y \ I A l A a \ r ~ C M C M t ~ - C 0 0 N » - < J \ C M r — O l A 
^ C M O O c o C M ^ ^ O t ^ - O r o r ^ v O T - h ^ O r - o ^ o ^ r ^ v o f - o o w ro ^  C7\»— t— r-- co «— 
( ^ • • • • • • • • • • • • • • • « « * « « * « ^ ^ W C M ^ T - ^ 
\0 CMAOM O l A O 01 O ^ O -"J-CM l A O o o o o o o o 
VO r - ' r - OJ 
r o ^ ' A T - O ^ C M > » ) m c O C t O \ ' V O O i A , - 0 \ I A l A \ 0 
l A C M » - t ~ t ^ t » - C 0 C M C 5 O C > C M • . • . . . . . 
• O . . • . • • . . j . _ . r — < « N V O C 0 1 A C - - > O ' * ^ 
c a v o c M C M C M r - ^ T - O O O O lA c o o o r - > o 
I A o \ « > C M CO O i r \ i - ( C , C M ^ O t > - \ O O n i < 4 - < - 0 0 
t - ^ ^ : CM* ^* CM- , n d d d d * ^ S ? ? ® S g i S * 
VO ^ T- CM 1-
S; M-vp r o ^ - T - ^ O l A g ^ o ^ r > ' ^ < 0 0 ^ r i ^ O O l A Q f ~ Q O < J ^ g 3 • < ^ • c O r n T - ^ - O o ^ r ^ 
„ 0 \ O V 0 C- \OVO o l A O 00 O O S r o ^ T- O O CM O b O P O « O T - 0 \ > 0 • * ? - r - M > m TT CT\ T-
W • • • • • • • • • ^ • • • ^ • « f > J « f ^ ^ ^ CO CM lA CM CM NO 
(j \ fncM o o \ 0 o o .^o l A O CO o »-d CJ o o o o CM 
lA p- »- CM , T-
» « • « » • • 
CM O**^ • ^ O _ CM _ l A 
- O CM CM O O CM O O O O 
o 
I 
•D 
/•J? 
s 
3 
I 
8 
& 
s 
103 
I - o 
rr% CM 
•a 
CD 
in CM 
(— r - in m 
CM .CM 
.
o 
CM CM 
. OS r— . . 
o\ CM 
B S 
d d d d 
so 
. 
CM 
OS 
d 
^ 8 
d d d 
o 
t -
CO 
CM SO CO . 
o CO CM . 
CM o OO CM 
CM SO e .0* 8 
o 
CM 
in 
CD l A r- o 
i i V 
t 
CO 
CM 
in 
CO 
d 
in vo 
CO 
m 1.
87
 
1.
22
 
0.
29
 CM 
m 
d 
0.
03
 
s 
d 
5.
59
 
5.
08
 
3.
05
 CM . -CM 
o in 
d . o 
' r J c i r f ^ ^ 
« d v D - ^ C D r ^ r o r n O s r ^ T - C M m-r-CM O O O O O O O O 
VD 
d d 
8 m CM 
d d 
s 
CM in . 
OS 1
.1
7 
10
7.
3 rs . s CM 
CM . 
os 
CM . in 
CM . 
o\ 
In 
e 
vo 
so 
d in 
. -
CM 
SO 
i 
s 
• r»-CT\ 00 CM CM 00 
*OSO 
invo 
o 
CM 
OS vo a> OS . in . 
CM 
. 
o d d d d d d 
m OS 
<JS -
OS 
OS 
CM 
OS 
OS 
»*• • 
CM CM . • . o . o .CM in d d 
5 
d 
in 
. o CD OS 
in . 
Ov . 
CO 
CM 00 <D o . 
r- • 
CM 
• 
o 
• 
OS . 
CO • • • 
CM 
« _ ; . - _ : ^ ^ j ; r ? « : d r A . ^ r ; - < f v o d d o o o d o d ^ g 
' covo 1*1 p - O m O CM 
vo t~»- ••-CM 
VO 
d 
o 4* •** in 35 -Hvo _ 
i l l 
0.
37
 
d 0.
44
 
0.
20
 
0.
36
 
d 
8 
d 0.
01
 
0.
03
 in 
r-> . 21
.5
 ITS . VO 36
.0
 
CM 
in ' . 
CM 
1.
41
 
1.
95
 
3.
30
 so 
. 
UN 0
.3
5 
0.
06
 
0.
00
 UN 
d 
in C— o 10
.7
 in * . CM •><»• r-
O 
in 
CM 3
18
.4
 
vo 
d CM 
CM OS 
vo 
a 
= v o o ; 4 a ; , : ^ d , M V c M - c M - r ; ^ m d o d o d o o d ^ 
vo vo 
n 
CO in 
n d o 
m CO B OS in 
vo 
o 
S-g.! :£*^io•^^i-•^o• 
S a.-< o so 
" ^ CO in 
•o • 
CO o 
CM CM CO OS m CM in • 
o 
d • 
o 
d ' d 
o o vo CM vo 
so in • CM CM n 
m 
O CM 
o 
d 
CM 
O 
O 
d d 
I'^^ci'rArA^d d d d d d d d ^ g? 
1*1 
CO 
CM o CM 
m 33
.7
 
OS CD v~ 
in o vo 
OS 32
6.
2 00 . in 
I CM O OD 
CM m »-
vo 
CM 
o 
CO 
OS in vo 
CM 
d 0
.1
8 
0.
31
 
0.
15
 
0.
17
 
0.
03
 
d 
5 
d 
CM 
o 
d 
vo 
CM 17
.3
 in . 
CM 22
.0
 o 
21
.3
 
• • 
2.
60
 
Jo OS 
cvl 
vo in . «o • •* 
in m 
d 
8 
d 
8 
d 
CM 
• ^ 
d 
in o m CO 
m . 
CM 
VO 
rJ 
CM 
i 
OS o 
• 
OS 
• 
CM 
: - a s2^: ;d : - : - ; i :^ : : ;4 ;^dddddddd- i : 
T V S * . >^ * ^ * >^ * ' 
at M M 
O O 
CM Si & i 
u a fi a a a 
I 
- - t 
d 
o 
jj I 
104 
not been included i n the petrochemical discussion below. 
The concentrations of certain elements wi th in igneous rock series 
are generally used to d is t inguish the nature of the magmatism. Total 
a l k a l i element concentration f o r a given s i l i c a content i s considered 
t o be one of the most important c r i t e r i a f o r t h i s purpose. Commcaily 
used boundaries f o r d i f f e r e n t magma suites, and the in t rus ive rock 
analyses, are shown i n Figure 5 . 1 . Except f o r one do le r i t e , a l l rock 
analyses ' p l o t i n the subalkaline f i e l d of I rv ine and Baragar ( 1 9 7 1 ) . 
The n o n - t h o l e i i t i c nature of the sajjie analyses, except f o r one andesite 
porphyry, i s also c lea r ly demonstrated using Kuno's ( 1 9 6 8 ) t h o l e i i t i o -
calo-alkal ine boundary. However, a great number of analyses, especially 
frcm the Esenli porphyr i t i c adamellite and leucogranite, plot i n the 
a lka l ine f i e l d defined by Kuno (Fig. 5 . I ) . 
The behaviour of t o t a l i r o n daring f rac t iona t ion i s also an 
important f ac to r i n determining the character of magmatic series. In 
t h o l e i i t i c suites, i t increases towards the intermediate stage, sub-
sequently decreasing (Kuno 1 9 6 8 ) . I n contrast no such increase i s 
recorded from the calo-alkal ine series. I n the A M diagram (Pig. 5 . 2 ) 
the chemistry of the analyses changes tovjards t o the more a l k a l i r i c h 
phases from basic to ac id ic rocks without showing any Fe enrichment, 
charac te r i s t i c f o r the t h o l e i i t i c terranes. This i s pa ra l l e l to the 
average calo-alkal ine trends shown by the Southern Cal i forn ia batho-
l i t h , Lassen Peak area, East Central Sierra Nevada and Scottish 
Caledailia,n rooks (Nockolds and Allen 1 9 5 3 ) . 
The composition arid concentration of feldspars greatly depend on 
theCaO, Nag0 and K^O contents. The posi t ion of the analyses i n the 
CaO, KagO and K^O diagram (F ig . 5 . 3 ) therefore indicate r e l a t i ve 
changes i n feldspar composition i n the series. With a normal crysta l 
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8 
CALK-ALKALINE 
A L K A U N E F I E L D 
ooj, F I E L D 
THOLEIITIC F IELD 
Kuno(1968) 
Irvine nBaragor (1971) 
50 60 70 60 
SiOa 
I ^ I DOLERITE 
[ o I ANDESITE PORPHYRY 
I ^ I MICROGRANITE. 
L £ ] ESENLI PORPHYRITIC ADAMaUTE 
I ° I EMEKSAN PORPHYRITIC ADAMELUTE 
ADAMELLITE 
I >^  i GRANQDIORITE 
LEUCOGRANITE 
FIGURE 3.1:Alkali oxides vs. SiO. for the Eoeksan IntruslTO rocks. 
F ie ld boundaries of Kuno (1968) are between alkaline—calo-alkaline and 
calc-alkaline—tholei it io f ie lds and that of Irr ine and Baragar (1971) i s 
between alkaline—oalo-alkaline f i e lds . 
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f r a c t i o n a t i o n process, orthoclase and the a l b i t e content of plagio-
clase increase towards the ac id ic end. This i s consistent wi th the 
average f r a c t i o n a t i o n trend of the various calo-alkal ine magma suites 
(Nockolds and Allen 1 9 5 3 ) . Although most of the analyses behave i n a 
s imi l a r way, the leucogranite and granodiorite analyses plot separately. 
I t i s clear from f i e l d evidence t l ia t the Eraeksan ba tho l i th was 
produced by mare than one raagmatic pulse. The chemical composition of 
these pulses varied with time. The leucogranite, one of the most 
ac id ic rocks i n Emeksan, i s the early in t rus ive phase (p. 3 8 - 4 1 ) . 
The next intrusions are of intermediate character and occupy large 
areas. ' The hypabyssal dykes, showing a wide range of chemical compo-
s i t i o n , are the las t products of the magmatisra. This i n t rus ion order 
i s d i f f e r e n t from the pronounced basic t o acidic raagmatic sequence 
(Presnall and Bateman 1 9 7 3 ) and i s not easi ly explained by f r ac t i cx i -
a t i on from a single magma source. 
I n addi t ion to the f r ac t i ona l c r y s t a l l i z a t i o n of a basic magma, 
p a r t i a l fus ion of cn i s t a l materials can also produce g ran i t i c rocks. 
The leucogranite and raicrogranite analyses show d i f f e r e n t K^O/NagO 
ra t io s i n Figure 5.3. This i s related t o . t h e i r a l k a l i feldspar 
propcrtions. Since the a l k a l i feldspar concentration of the g r an i t i c 
rocks i s related t o temperature and pressure conditions i n t h e i r magmas 
(Tut le and Bowen 1958, Winkler 1974)> d i f f e r e n t geological environments 
during the emplacement of these rocks may be suspected. The r e l a t i v e l y 
early i n t r u s i o n age, contact relat ionships wi th the basement rocks and 
s t ruc tu ra l ' state of the a l k a l i feldspar of the leuco^?anite are a l l 
supporting evidence f o r i t s magma being produced by p a r t i a l melt ing of 
continental mater ia l , as discussed i n Chapter 2 and 3. 
On the other hand, the microgranite analyses, together wi th the 
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andesite porphyry and do le r i t e analyses, p lo t close to the average 
calc-a lkal ine trend of Nockolds and Al len (l953)» t h e i r K20/Na20 r a t ios 
being generally somewhat higher, Pig. 5.3. I t i s probably inher i ted 
from t h e i r parental magmas (Carmicliael et a l . 1974). The mode of 
eioplaceraent and petrographical features also suggest a model i n which 
the microgranite f ract ionates from a basic magma. 
The granodiori te , adaraellite and porphyr i t i c adaraellites, which 
const i tute the main part of the pluton, are r i c h i n clots and blocks 
of the country rocks. These foreign materials could a f f e c t the chemi-
cal cotnposition of these in t rus ives , although the equil ibrium between 
crystals and l i q u i d tends to produce s imi lar mineral assemblage under 
the same pressure and temperature conditions (McBirney 1979). The 
granodiori te analyses have much higher K20/Na20 r a t ios r e l a t i v e l y to 
the trend, and to other rock analyses i n the same magmatic series 
(Pig. 5«3). The ass imila t ion process would cause an increase i n the 
K^O/NagO r a t i o canpared to the normal series of magraatic rocks (Mehnert 
1968, Ikeda 1978). The chemical caoposition of the granodiorite may 
thus be modified by contamination. The various adamellites may also 
s u f f e r from contamination. The l e v e l of each element i n the leuco-
grani te and intermediate rock analyses w i l l be ccmpared to the normal 
raagmatic series which i s represented by the microgranite, andesite 
porphyry and do le r i t e analyses. 
5»3. Var ia t ion diagrams 
A v a r i a t i o n diagram simply displays and describes the dieraical 
composition of the rock types i n the series. Such a diagram i s a 
useful device f o r t e s t ing processes of evolution, subtraction of 
mineral phases (c rys ta l f r ac t i ona t ion , l i q u i d unmixing) or addit ion of 
rock materials or magmas (ass imila t ion) to ascertain how e f f ec t ive 
were these processes (Wilcox 1979). 
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The previous evidence suggests that the chemical composition of 
the early in t rus ives , the leucogranite, granodiori te , adamellite and 
po rphyr i t i c adamellites, could be d i f f e r e n t from those of the normal 
rocks produced by a f r a c t i o n a t i o n mechanism from a basic magma. 
There are several c r i t e r i a suggesting that the l a t t e r in t rus ives , 
the microgranite, andesite porphyry and do le r i t e , have s o l i d i f i e d from 
d i f f e r e n t f r a c t i o n a t i o n levels of the same magma. Modif ica t ion of 
t h e i r chemical composition during ascent of the magma i s less l i k e l y 
than f o r the ea r l i e r in t rus ions . They have.sharp ccxitacts against the 
country rocks and are usually f r ee from xenoli ths . They occur as small 
stocks or dykes, and show a f ine-grained texture. These are consistent 
w i t h rap id ascent of magma through fractures created by tensional 
forces operative during the time of t h e i r in t rus ion (Chapter 4) . A. 
r e l a t i v e l y rapid cooling h i s to ry , or a dry magmatic condition, would 
minimize the possible reactions between magaia and wall rock (ikeda 
1978). I n addit ion to the narrow time span f o r in t rus ion of the micro-
grani te , andesibe porphyry and do le r i t e , t he i r analyses p lo t close t o 
the average calc-a lkal ine trend (Fig . 5,3) and they may thus represent 
d i f f e r e n t stages of the same magmatic series. 
The chemical compositions of the microgranite, andesite porphyry 
and d o l e r i t e are thus thought t o be produced by f r a c t i o i a l c rys ta l l i za^ 
t i c n of a s ingle basal t ic magma unmodified, during ascent, by assimila-
t i o n . A t rend produced by polynominal least-squares f i t to the analyses 
of these rocks should thus represent the posi t ion and nature of noraal 
c rys ta l f r a c t i o n a t i o n i n the area, and woiild be a good base f o r 
comparison of the chemical composition of other rock types. 
Eorphyr i t i c rock smalyses are however of ten considered unsuitable 
f o r v a r i a t i o n diagrams as the phenocrysts could have moved 
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d i f f e r e n t i a l l y wi th respect t o the l i q u i d before quendiing (Wilcox 
1 9 7 9 ) . This process has probably not changed the o r ig ina l chemical 
composition of the andesite porphyry analyses, t o great extent, since 
the groundmass contains the same mineral phases as the phenocrysts. 
The andesite porphyry analyses thus generally plot where they are 
expected, between the do le r i t e and microgranite analyses i n most 
var ia t ic in diagrams. Some of the microgranites also have a porphyr i t i c 
texture , t h e i r analyses, however, correlate wi th other microgranite 
analyses i n the diagrams. Absence of porphyr i t i c samples would cause 
•uncertainty i n the f r ac t i ona t ion trend pa r t i cu l a r ly at intermediate 
stages..! 
Si02 i s chosen as abscissa f o r the va r ia t ion diagrams. I t s 
content increases from basa l t ic to ac id ic rocks and characterises the 
rock types, wi th some overlap at the extreme ends of each group. 
Levels of Si02 may thus be used as an ind ica t ion of degree of f r a c -
t i o n a t i o n . Although one of the oldest methods, Harker diagrams are 
s t i l l widely used and are considered to be one of the most powerful 
data-handling techniques avai lable to the pe t ro logis t . The "constant 
sura e f f e c t " does not negate t h e i r usefulness as pointed out by Cox et 
a l . ( 1 9 7 9 ) . 
I n the f i r s t series of Harker diagrams, the dolerlfce, andesite 
porphyry and microgranite analyses are p lo t ted . A series of regression 
l i n e s , through the data, were produced by computer fo r each diagram. 
The binominal f i t i s s i g n i f i c a n t l y better than the l inear regression 
i n the Al20^, '^62%* ^^2^* ^2^' ^ ' ^ va r i a t i on 
diagrams. To ensure a constant e f f ec t i n a l l the diagrams second 
order polynoainal least-squares f i t s were used i n a l l cases. The 
2 
f i t t e d l i ne s can be defined as: y = Ao + A^x + AgX 
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Values of A^, A | and A^ are shown i n the diagrams. The regression 
r e l a t i o n i s not s ign i f i can t i n the NagO and Y diagrams due to the small 
var ia t ions of Na^ O and Y values i n respect of the increasing SiOg values. 
I t i s s i g n i f i c a n t i n the Ba diagram and highly s i gn i f i can t i n the other 
Barker diagrams. 
Var ia t ion of y values about the regression l i n e f o r a given 
value i s re la ted to an expression given by Davies and Goldsmith (l972 i n 
Chapter 7 and 8 ) . 
2 (, 1 Szz (x - T)^ + Sxx (x ^ - x^ )^ - 2Sxz (x - x ) (x ^ - x^) 
2 
Sxx Szz - (Sxz) 
where i s the calculated variance about the regression, values given i n 
Figures 5.4 to 5.13, n i s the number of data, T i s the mean value of x and 
Sxx = Z (x - x ) 
I Szz =Z (x^ -
; Sxz = Z ( X - X ) ( X ^ - X ^ ) 
The square root of the above expression becomes the standard 
error (S.E.) and therefore the 100 h-2c^% confidence l i m i t s f o r a 
predicted value are given by: 
I . Yo - t ^ . S E 
where t j ^ i s the value obtained f raa t - d i s t r i b u t i o n tables fo r n-3 
degrees: of freedom. 90?^  confidence l i m i t s f o r y values of the l a t e 
niagmatic series are calculated and the results are shovm i n the Harker 
diagrams, The computed regression l ines representing f rac t iona t ion , 
from a basic magma and the '90^ confidence l i m i t s are used l a t e r as 
bases of comparison f o r the other rock types. Variations between 
trace elements are also examined. 
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5.3.1. Late magmatic series 
5.3.1a Klajor elements 
The do l e r i t e , andesite porphyry and microgranite are termed the 
l a t e magmatic series. Si02 contents are shown as the x-axis and other 
major and trace element contents as the y-axis . The f i r s t s ix analyses 
at the basic end (less than 58/£> Si02) represent the doler i te , analyses 
w i t h between 58 and 66^ c 3i02, the andesite porphyry, and those wi th 
more than 66% SiO^, the microgranite. 
The chemical canpositions of the rocks are related t o the kind 
and proportions of the various mineral phases i n the samples. Therefore 
observed minerals i n the t h i n sections are important i n i n t e rp re t ing 
element leve ls and the nature of the f rac t iona t ion trend. The chemical 
v a r i a t i o n of the l a t e magmatic series i s also compared with other calo-
a lka l ine terranes. 
The chemical discussion i s based on the behaviour of the computed . 
regression l i n e , termed the f r ac t i ona t ion trend. Since most analyses 
are from i n d i v i d u a l , discrete in t rus ions , some scatter i n the analyses 
may be j u s t i f i e d . Higher degree of scatter causes wider range of 
confidence l i m i t s around the f r ac t i ona t i on trends. 
The Al2^3 °^ igneous rocks i s of ten reported t o 
change l i t t l e wi th f r a c t i ona t i on . The ferromagnesian minerals, 
especially pyroxene, contain scial] axnoujnts of Al20^ r e l a t i ve to the 
feldspars (Deer et a l . 1974)» while the Al20^ contents of plagiodase 
decrease wi th increasing a l b i t e content. Bowen (1956) revealed that 
Al20^ contents r:i.se i n intermediate rocks with the appearance of 
hornblende i n preference to pyroxene. The shape of the f rac t iona t ion 
trend i n the Al20^ diagram (Pig. 5.4a) i s thus consistent with the 
mineral phases present i n the members of the la te magmatic series. 
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The l e v e l and varaation of Al^O^ contents i n other calo-alkaline suites 
are s imi l a r to those of the l a t e niag;3iatic series (Nockolds and Allen 
,1953). Nockolds (1954) gives 16.81, 17.17. and 13.86 as average AlgO^ 
values f o r calo-alkal ine do le r i t e , andesite and granite respectively, 
while the average Ai20^ contents f o r do le r i t e (15.56), andesite (I7.22) 
and grani te (14.42) given by Le Iilaitre (1976) are also comparable to 
those of. the l a t e magmatic series. 
The contents of t o t a l Fe and MgO are mainly influenced by the 
mafic minerals. They decrease with increasing Si02 as the f e r r o -
magnesian mineral concentration f a l l s toward the acidic rocks. 
Accordingly, the f rac t iona t ion trends of t o t a l Pe, expressed as 
FegO^ and MgO drop toward the ac idic end (Pigs. 5.4b,- 5a). MgO con-
tents show considerable scatter at the basic end and may r e f l e c t a 
var iable .proportion of ferromagnesisn mineral phenocrysts. 
The behaviour of the f rac t iona t ion trend shown by the CaO and 
Na20.variation diagrams (Pigs. 5.5h, 6a) i s related to the nature of 
the plagioclase in the rock types of the l a t e ma^jnatic series. Palls 
i n both ancsrthite content and concentration of plagioclase resul t i n a , 
smooth decrease i n CaO with increasing s i l i c a . Variation i n Na20 i s 
less regular and depends on a canbination of factors . Early c rys ta l - '. 
l i g a t i o n of. Ca-rich plagioclase, followed by more Ka-rich members of 
the series,, leads to a steady increase i n NagO with Si02 towards the 
intermediate stage. Domination of K-feldspar and quartz over a l k a l i 
plagioclase In the most ac id ic rocks of the series causes a s l i g h t 
decrease i n the f r ac t iona t ion trend. The overal l shape of the curve 
beccane convex upward. 
Orthoclaae and b i o t i t e arc; tho main K-bearing minerals In the 
series. The low concentrations or absence of a l k a l i feldspars and 
b i o t i t e i n both do le r i t e and andesite-porphyry maintain K2O contents 
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at Icnv levelB. Since the orthoclase i s highly concentrated i n the 
raicrogrardte, the fract ionat ion trend shown by K^O ( H g . 5.6b) increases 
at an increas ing rate r e s u l t s an upward concave curve. The behaviour 
of the trends shown by both Ka^O and K^O are d i a r a c t e r i s t i c of the 
subalkal ine s e r i e s (Bov/en 1956 p. 100). 
Analyses of the l a t e raagmatic ser ies l i e close to the average 
ca l c^a lka l ine trend but have generally higher K^O/Na^O ra t io s (Fig. 
5 .3) . This i s probably inheri ted from the parental magma since the 
most bas ic rock, do ler i te , shows lower ^a^O and higher K^O concent-
rat ions than other s i m i l a r ca lo -a lka l ine counterparts. Nockolds and 
Ai len (1953) have given ranges of 3.0-3.9 Na^C and 0.7-1.2 K2O for the 
b a s i c rocks of the ca lo -a lka l ine s e r i e s . 
Moore (1962) has shown an eastwards increase in K^O content, 
r e l a t i v e to total a l k a l i i s in cenozoic rocks of the western United 
States . He has rela.ted t h i s increase to thickening of continental 
crust towards the east. K i s t l e r and Peterman (1973) have suggested 
that d i f f eren t parent magmas were derived in a region that was 
l a t e r a l l y var iab le in composition and had a zone of melting that 
intersected both upper mantle and lower crust . They suggested that 
t h i s was responsible for the pos i t ive correlat ion of "k" (the r a t i o 
of KgO/KgO + IfegO) and "r^" ( i n i t i a l Sr'^Vsr^^ r a t i o ) in the Mesozoic 
granite rocks and superjacent upper cenozoic basalts and andesites in 
central C a l i f o r n i a . Theories which interpret var ia t ion in K^O content 
i n the magpatic rocks across an arc with contamination of ascending 
magmas by c r u s t a l material have not been favoured by most petrologlsts . 
Dickinson and Hatherton ( l967)» Bateman and Dodge (1970) and Dickinson 
(1975) have described increo-sing K^O/SiO^ ra t i o s landwards frcm a r c 
trenches, and correlated them with depth to the Benioff zone, 
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suggesting an origin on the Benioff zone, and the absence of widespread 
crus ta l contamination. Green and Hingwood (I968) have proposed that 
amphibole, as a fract ionated phase, ranoves K^O frcm p a r t i a l melts as 
the Beniof f zone becomes deeper. 
H i ^ K2O, and low Na^O, contents of the l a t e magmatic s e r i e s 
r e l a t i v e t o the average ca lo -a lka l ine rocks {Fig. 5,3) may thus indicate 
e i ther muidi deeper magjna generation below the Emeksan area or a d i f f e -
rent source for the magjnae. 
The l e v e l s of certa in elements in magmatic rocks of s imi lar age 
across an i s l a n d a r c may reveal valuablf; information about the posit ion 
of the subduction zone, .as discussed above. No chemical comparison of 
the m a ^ a t i c rocks across the Pontids has been made so far . Pour 
analyses of b a s a l t i c dykes from Bulancak to the northwest of Eineksan 
(Akinc i 1974) are sui table for canparj.f-:on because of the ir s i m i l a r 
in trus ion age, mode of emplacement, and fract ionat ion l e v e l to the 
d o l e r i t e s . The b a s a l t i c dykes contain 50.22, 52.00, 52.30, 53.00 
percent Si02 and 2 .55, 2 .00, 2.4O and 3.45 percent K^O respect ively . 
The l e v e l s of K^O are thus generally higher than those of the Emeksan 
d o l e r i t e s . Deeper magnia generation tov^ards the north may thus be 
postulated, assuming a common process of magna generation i n the two 
areas . This implies a northward-dipping Benioff zone beneath the 
Pontids durJrg tl-ie m&gaa generation for the l a t e dykes and younger 
vo lcanics of the region^ 
T e r t i a r y vo lcanic rock analyses representing magyna extruded 
somewhat e a r l i e r can be used to examine the above model. The K^O 
contents vary between 2 .18 -3 .30 in basal ts , 2 .03-3 .82 in-andesites 
and 3 .94-9 .45 i n dacites-rhyodacites of the Hars i t r i v e r area, north-
east of Emeksan (Egin 1978). To the south, Gumushane volcanic rocks 
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with Si02 contents of 51.38 to 67.27 percent contain 0.22, 0.37» 0.74 
and 2.84 percent (Tokel 1977). I ^ i s var ia t ion i s again consistent 
with a northward-dipping subduction zone during the T e r t i a r y . The 
geographical pos i t ion, and K2O l e v e l s , of the l a t e magnatic s e r i e s . 
general ly corre la te with those of the volcanic rocks despite the 
r e l a t i v e l y e a r l i e r age and vo lcanic character of the l a t t e r . This may 
indicate that the magnas producing the volcanic rocks and la t e dykes 
were generated by a s i m i l a r subduction process. There are other 
indexes to v e r i f y th i s hypothesis. 
Peacock's (1931 ) a l k a l i - l i m e index, the weight percentage of 
Si02 a t which the weight percentages of GaO and tota l a l k a l i oxides 
are equal, i s 60 for the l a t e magmatic s e r i e s . Dickinson and Hatherton 
(1967) report that the a l k a l i - l i m e index decreases inwards in N.V7. 
P a c i f i c a r c s , from about 65 in the outer zones, to about 55 i n parts of 
the arcs f ar thes t from the trenches. The a l k a l i - l i m e index of 60. 5 f or 
the Gumushane vo lcanic rocks (Tokel 1977) decreases to 58 i n the Hars i t 
r i v e r vo lcan ic rocks (Egin 1978). This could a l so be explained by a 
northwards-dipping Benioff zone beneath the Pontids, as discussed above, 
Sugimura (1960) devised an index which i s calculated as fol lows: 
e = S i 0 2 - 4 7 ^ ^ 2 ° ^ ^ 2 ^ 
AI2O3 
where SiO^ i s weight percent and the other constituents are molecular 
proportions. Sugimura showed that vo lcanic rocks with large G values 
( 4 2 . 1 - 4 5 . 8 ) are derived from the s i l i c a - r i c h , t h o l e i i t i c basalt magjnas 
and those f o r which Q i s small (21-30 .3) from a l k a l i basalt magnas. 
The 6 index of the doler i te (33 .79) i s consistent with values for calo-
a l k a l i n e rocks ( 3 2 - 3 6 . 7 ) . The 6 indexes of the andesite-porphyry 
(40 .10) and microgranite (39 .71) are , however, s l i g h t l y higher than 
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the c h a r a c t e r i s t i c range for c a l c - a l k a l i n e rocks. Sugimura (1968) 
showed that the 6 index a l so changes in b a s a l t i c rocks across i s land 
a r c s . The 0 index decreases from more than 40 to l e s s than 31 i n 
Quaternary vo lcan ic rocks towards the continental side of the Japanese 
i s l and a r c . The mean0 indexes of basal ts and andesites from the Upper 
Bas ic Ser ies of the northern Hars i t r i v e r area are 28.68 and 36.53 
respec t ive ly , while in addit ion to comparable geographic position and 
KgO l e v e l s , S indexes of the Bulancak b a s a l t i c dykes a l s o give s i m i l a r 
values of 25.59, 26.16, 34*89 and 35.85. B a s a l t i c to andes i t i c rocks 
from the Gumushane area, in the south, have the 6 values of 4O.46 and 
4 2 . 4 1 . Thus 0 l e v e l s may further v e r i f y a northward-dipping subduction 
zone and i s l a n d arc magmatism in the Pontids during the-Tert iary , 
s i m i l a r to that establ ished for the quaternary volcanism of Japan. 
Other evidences discussed i n the previous chapters supports the above 
model. The trends also imply a var ia t ion from t h o l e i i t i c (Gumushane) 
to c a l o - a l k a l i n e basalt (Hars i t r i v e r ) during the Ter t iary . The 
magrnatic gradation along the ax i s of the Lesser A n t i l l e s i s land arc 
revealed by Brown et a l . (1977) i s a l so i n l i n e with th i s model. A 
s i m i l a r trend i s shown within the Hars i t r i v e r area from Upper Creta-
ceous t h o l e i i t i c basalt to the T e r t i a r y c a l c - a l k a l i n e extrusives (Egin 
et a l . 1979) . 
Ti02 and MnO contents decrease with increasing s i l i c a in the l a t e 
magmatic s e r i e s (F igs . 5 .7a ,b) . The negative corre lat ion shown by the 
trend i s consistent with concentration of T i in pyroxene, hornblende, 
magnetite, b i o t i t e and the minerals; r u t i l e and sphene (lilason 1966, 
Pearce and Korry 1979). The content of Mn, being camouflaged ch ie f ly 
by Pe (Ringmood 1955), a l so drops with c r y s t a l fract ionat ion . The 
Ti02 and MnO l e v e l s of the l a t e magraatic ser ie s are canpatible with 
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those of the other ca lo -a lka l ine ser ies (Nockolds and Allen 1953). 
The Ti02 contents of the doler i te and andesite porphyry are consistent 
with i s land a r c basal ts and andesites (Pearce and Gale 1977)» which 
have l e v e l s below BOCO ppm T i . 
Most of the P i n igneous rocks i s found i n apat i te , the remaining 
part being camouflaged i n the s i l i c a t e s , e spec ia l ly i n the f erro -
magnesian minerals ( K o r i t n i g 1965). The P20^ content decreases towards 
the a c i d i c end of the l a t e magmatic s e r i e s ( F i g . 5 .8a) . I t i s 
i n t e r e s t i n g to note that the P20^ l eve l s f a l l gradually in the Ter t iary 
magmatic rocks of the Pontids, from south to north, contrary to the 
behaviour of the X2O. 
5 .3 .1b Trace Elements 
Various trace element contents, and r a t i o s to other elements, 
have been widely used to examine the degree of fract ionat ion (Heier 
and Taylor 1959, Taylor 1965), d i f ferent source materials of magjnas 
(Taylor op. c i t . , Kolbe and Taylor 1966a, b, Abbotts 1978, Pearce and 
Norry 1979, Saunders et a l . 1979), s o l i d i f i c a t i o n mechanisms of magma 
(Weinheimer and Accermann I967, Wilson and Coats 1972) and d i f ferent 
tectonic set t ings (Pearce and Gann 1973, Pearce and Gale 1977, Mason 
and McDonald 1978). 
A l l trace element analyses , except Mo, which i s mostly undetected 
i n unmineralized rock samples, are plotted i n var ia t ion diagrams. 
Certain trace elements show a close rel; i t ionship with major elements of 
s i m i l a r i o n i c radius and the same charge. Such trace elements are 
camouflaged i n the c r y s t a l l a t t i c e according to Goldschmidt's ru le s 
(Goldschi.iidt 1954). Ringwood ( l 9 5 5 ) hov/evo-r, h i s pointed out that the 
e lec tronegat iv i ty of an element, a measure of i t s tendency to form 
covalent bonds, has an important influence on the extent to which i t 
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w i l l proxy f o r another element of s i m i l a r s i z e . 
Zr , , Nb and Y contents of the l a t e magmatic s er i e s are plotted 
against t h e i r SiO^ contents i n Figure 5 .8a, 5.9a and 5.9b. f r a c t i a i a t i c n 
trend shown by the Nb-SiOg diagram supports the view of Znamenshkii 
(1957) who has reported that up to 86 percent of Nb i s concentrated i n 
b i o t i t e , the remaining part being i n i lmenite , r u t i l e and z ircon. The 
trend r i s e s slowly to around 1 0 ppn Nb at the acid end of the l a t e 
magraatic'series, Pearce and Cann ( l 9 7 3 ) and Taylor (1969) report mean 
values of 2 .5 and 4.3 ppm Nb for ca lo -a lka l ine basalts and andesifces 
respec t ive ly . These are very close to the values of 3 ppm for the 
do ler i t e s , and 4 PP"™ for the andesitss of the Emeksan area. Pearce 
(1975) i n Neary et a l . (1976) noted the ubiquitous low l eve l (O-IO ppm) 
of Nb i n a l l g r a n i t i c roclcs overlying destiructive margins, whereas 
those produced within plates contain fran 50 to 4OO ppra. 
Mason (1966) s tated that, on account of i t s high charge and 
0 
comparatively high radius ( O , 7 9 A ) , Zr does not enter into the canmon 
rock forming miaerals to any degree, but appears in a s p e c i f i c phase, 
usua l ly z i rcon . Af ter examining several ca lo -a lka l ine su i tes , Nockolds 
and Al len (1953, p. 1 3 8 ) have staked that "Zr behaves in much the same 
way i n every s e r i e s , though the amount of Zr var ies from s er ie s to 
s e r i e s , ' I n general, the Zr content i s low at the bas ic end of each 
s e r i e s and then tends to r i s e , a f t e r which i t seems more or l a s s con-
stant unt i l , the extreme ac id end when i t tends to f a l l " . This commai 
behaviour of ca lo -a lka l ine terranes can be a l so applied to the l a t e 
magraatic s e r i e s of Eraeksan ( F i g . 5 .8b) . 
Because of the charge, comparatively large radius ( 0 , 9 2 A ) and 
low concentration, Y tends to behave independently during magmatic 
c r y s t a l l i s a t i o n (Mason op. c i t . ) . However, sane replacement of Ca^ "*" 
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by Y i n hornblende, garnet, orthopyroxene, apat i te , sphene, z ircon 
and most K, Na-r ich minerals, other than plagioclase , has been known 
(Lambert and Holland 1974). Y tends to -vary around 20 ppm throughout 
a large portion of the range of most of the ca lo -a lka l ine ser i e s 
(Nockolds and A l l e n op. c i t . , Pearce and Norry 1979). This i s also 
30 i n the l a t e magma t i c s e r i e s , vhloh shows only a small decrease with 
increas ing Si02 content at the b a s a l t i c end and a s l ight increase a t 
the a c i d i c end to around 20 ppm Y (Pig . 5.9b). 
Pearce and Gale (1977) have considered that T i , Zr , Y , Nb, P, Gr 
and the r a r e earths a l l exhibit systematic differences between basalts 
from d i f f eren t tectonic set t ings . They further remain r e l a t i v e l y 
immobile during weathering and metaraorphic processes. Pearce and Gale 
(op. c i t . ) have produced various discriminant diagrams to d i s t inguish 
d i f ferent environments of magma generation. The do ler i te and andealte 
porphyry analyses plot wi th in the area of i s l a n d a r c basalts and 
andesites (P ig . 5.10a) and of plate margin basal ts (Pig . 5.10b). 
Pearoe and Norry (1979) carr i ed out experimental runs to deter-
mine m i n e r a l - l i q u i d d i s t r ibut ion coe f f i c i ent s f o r T i , Z r , Y and Nb f o r 
basic , , intermediate and ac id melt compositions during f rac t iona l 
c r y s t a l l i s a t i o n . They plotted Y, T i and Nb against Zr and found that 
f rac t ionat ion trends are controlled by the nature and proportion of 
c r y s t a l l i s i n g phases, a factor which i s a lso related to the tectonic 
s e t t i n g i n which the magma i s generated. Variat ions in T i , Zr , Y and 
Nb with f r a c t i o n a l c r y s t a l l i s a t i o n i n the l a t e magmatic s e r i e s are 
consistent with clinopyroxene, amphibole and then b io t i t e as the main 
mafic c r y s t a l l i s i n g phases. These are c h a r a c t e r i s t i c f o r the lavas 
from c a l o - a l k a l i n e volcanic a r c s . 
The Nb, Zr and Y contents of the Hars i t r i v e r volcanic rocks and 
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of Bulancak dykes are s imi lar to those of the l a t e magmatic s e r i e s of 
Elneksan, supporting a common magma generation for the volcanic and 
hypabyssal rocks of the Pontids during the T e r t i a r y . 
S ince the Rb contents show low concentration at the b a s a l t i c end 
and high l e v e l s a t the a c i d i c end of the l a t e magmatic s e r i e s , the 
computed trend gradually increases with increasing SiOg (P ig . 5.11 a ) . 
This i s s i jn i lar to the trend shown by K2O i n the K^O-SiOg diagram and 
i s i n agreement with the fac t that Rb can only replace K, i n b i o t i t e 
and K - f e l d s p a r (Mason I966). The h i ^ p a r t i t i o n coef f i c i ents of Rb 
with b i o t i t e (2.24-3.3) and K-fe ldspar (0,34-0,8) (Arth 1976, G i l l 
1978, McCfeirthy and Groves 1979) correlate with above view. 
The behaviour of Rb i n the magmatic rocks across an is land a r c . 
should be the same as K with Rb contents i n the igneous rocks increas ing 
inland from the trench. The rate of increase may be higher than f o r K, 
as reported elsewhere ( K i s t l e r and Peterman 1973, Jakes and White 1970). 
B a s a l t i c dykes from Bulancak, near the Black Sea coast, (Akinci 1974) 
contain metre than 81 ppm Rb, c l e a r l y higher than those of the bas i c 
rocks of the l a t e magmatic ser ies . The Rb l e v e l s of the Hars i t r i v e r 
vo l can ic rocks do not, however, d i f f e r mudi r e l a t i v e to the hypabyssal 
rocks of Sneksan. 
The f rac t ionat ion trend shown by S r ( H g . 5.11b) has a n e ^ t i v e 
c o r r e l a t i o n with that of Rb (Pig . 5.11a). Despite s ca t t er in the S r 
contents of the b a s a l t i c rodcs, comparable to that shown by C^O, the i r 
average S r l eve l s remain constant, Sr l e v e l s only decreasing markedly 
i n the a c i d i c rocks. Sr^ "*" (1 ,12A ) i s intermediate i n s i z e between the 
Qa^ "*" (O.99A) and K"^ ions (1.33A) and can subst i tute for these, two 
elements i n p lag iodase and potash fe ldspar, Sr does not however 
proxy i n s i g n i f i c a n t amount for Ga i n pyroxene or hornblende (Mason 
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1966) or f o r K i n mica (Taylor 1965) due to t h e i r d i f ferent c r y s t a l 
s t ruc tures . Turekian and Kulp (1956) pointed out that i n b a s a l t i c 
rocks the Sr content i s e s s e n t i a l l y independent of content, whereas 
i n g r a n i t i c rocks a de f in i t e r e l a t i o n ex i s t s between Sr and C& con-
tents . ' On the other hand, ear ly formed potash fe ldspars contain 
higher amounts of Sr than l a t e r ones (Weinheimer and Acceimann 1967). 
Average p a r t i t i o n coe f f i c i en t s of Sr of 0.12 in augite, O.46 i n 
hornblende, 1,83 i n b a s a l t i c plagioclase , 4.4 i n a c i d i c plagioclase , 
0.12 i n b i o t i t e and 3.87 i n K-fe ldspar (Arth 1976) support the above 
view. , 
The Ba contents of the l a t e magmatic ser ies show a complex 
behaviour (P ig . 5 .12a) . They vary around 800 ppm in the doler i te and 
andesite-porphyry but i n the microgranite are h i ^ e r than th i s a t the 
b a s i c end and lower i n the most acid rocks. The computed trend, 
therefore , has an upward concave shape. Ba^ "*^  ( 1 . 3 4 A ) i s almost 
i d e n t i c a l i n s i ze to (1 .33A) and w i l l replace K i n b io t i t e and 
potash fe ldspar . The p a r t i t i o n coe f f i c i ent s of Ba are 6.12 i n K-
fe ldspar , 9.7 in b i o t i t e but l e s s than 0.73 in plagioclase , augite and 
hornblende (Arth 1976). Most a-vailable data suggest that the e a r l i e r 
c r y s t a l l i s e d K-bearing minerals contain more Ba (Mason 1966). Heier 
and Taylor (l9 59b) prefer an explanation for the depletion of Ba and S r 
i n l a t e fract ionates based on r e l a t i v e bond-strengths. Recent experi-
mental data suggest that the par t i t i on coe f f i c i ent s f o r Ba and Sr are 
s trongly dependent on temperature. With decreasing temperature, the 
p a r t i t i o n coe f f i c i en t s f o r both elements i n a l k a l i fe ldspar (Long 1978) 
and i n plagioclase ( i r v i r ^ 1978) decrease. 
Z i n c contents f a l l with increas ing a c i d i t y (P ig . 5.12b). Ringwood 
(1955) suggests that z i n c i s camouflaged i n minerals containing ferrous 
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i r o n and, because of i t s h i ^ e r e l e c t r o n e ^ t i v i t y , i s concentrated i n 
r e s i d u a l magmas r e l a t i v e t o f e r r o u s i r o n . 
F i g u r e 5,13a shows a drop i n Cu w i t h i n c r e a s i n g Si02 i n the 
b a s a l t i c rocks , Qa then r a n a i n i n g almost constant t h r o u ^ the a c i d i c 
members o f the s e r i e s . IXie t o the r e l a t i v e weakness o f CU-0 bonds, Oa 
does not r e a d i l y en te r s i l i c a t e mine ra l s and, t h e r e f o r e , g e n e r a l l y 
occurs as su lph ides (Ringwood op. c i t , ) . Most o f the analyses have 
sulphur contents below the d e t e c t i o n l i m i t and f o r t h i s reason S i s not 
p l o t t e d i n any v a r i a t i o n diagram, but i s shown i n Table The 
sulphur contents r i s e t o 0.09?^ i n the d o l e r i t e but remain a t low l e v e l s 
0 
i n the r e s t o f the s e r i e s except f o r ancmalous concentra t ions produced 
by hydrothermal s o l u t i o n s , e s p e c i a l l y i n the m i c r o g i a n i t e . There i s a 
p o s i t i v e c o r r e l a t i o n between Cu and S, which supports Ringwood's v iew, 
i n d i c a t i n g some c h a l c o p y r i t e f r a c t i o n a t i o n d u r i r ^ e a r l y stages o f 
c r y s t a l l i s a t i o n of the l a t e magmatic se r i e s . 
The s c a t t e r o f N i va lues a t the bas ic end o f the l a t e magmatic 
s e r i e s ( J i g . 5.13b) bears some resemblance t o the d i s t r i l x x t i o n o f % 
( F i g , 5 . 5 a ) . Sympathetic v a r i a t i o n o f N i w i t h Mg has f r e q u e n t l y been 
descr ibed . Vogt ( l 9 2 3 ) presented extensive evidence t h a t N i i s camouf-
laged by Mg, a view supported e x t e n s i v e l y ( e . g . Wager and M i t c h e l l 
1951, Mason I 9 6 6 ) , ftmgwood (1955)» however, considers t h a t a Ni-Fe 
r e l a t i o n s h i p i s more l i k e l y than the Ni-Mg r e l a t i o n s h i p . The reason 
f o r the s l i g h t l y h i ^ contents o f Mg and N i i n the andes i te porphyry 
i s no t known. I t may be r e l a t e d t o the replacement of amphibole by 
b i o t i t e , or the p o r p h y r . i t i c na ture o f the rock . The N i contents o f 
the m i c r o g r a n i t e analyses remain i n the same range w i t h i nc r ea s ing 
SiOg con ten t s , T a y l o r e t a l . (1969) have revealed tha t the c a l o -
a l k a l i r f f i b a s a l t s and andesi tes have c h a r a c t e r i s t i o a l l y low contents o f 
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N i (<28 ppm) r e l a t i v e t o a l k a l i n e and t h o l e i i t i c basa l t s (120 ppm). 
Th i s i s a f u r t h e r s u p p o r t i n g evidence f o r the c a l o - a l k a l i n e nature o f 
the Emeksan l a t e magmatic ser ies since the d o l e r i t e and andesi te por-
phyry have l e s s than 23 ppm N i . 
I n F igure 5.14 some average element contents f o r the d o l e r i t e and 
andes i t e porphyry o f Bneksan, basa l t and andesi te o f the B a r s i t r i v e r 
area and b a s a l t i c dykes of the Bulancak area are normalised t o an 
average mid-ocean r i d g e b a s a l t composi t ion g iven by Pearce (1979). 
The a l k a l i elements (Sr , K, Rb, Ba) i n these rocks are h i ^ e r r e l a t i v e 
t o those o f the MORS and t h o l e i i t i c b a s a l t s . D i f f e r ences i n the other 
element l e v e l s are not so s i g n i f i c a n t . This s o r t o f r e l a t i o n s h i p o f 
the elements i s considered to be one o f the fundamental o h a r a c t e r i s t i c s 
o f the subduc t ion zone magmas (Tamey and Saunders 1979). The element 
l e v e l s a re a l s o c l o s e l y s i m i l a r i n the ESmeksan and Bulancak hypabyssal 
and H a r s i t r i v e r v o l c a n i c rocks which may suggest a common paren ta l 
magjna f o r these rock se r i e s . 
I n summary the computed t r ends shown i n the Harker diagrams 
g e n e r a l l y represent expected element behaviour r e s u l t i n g frcm f r a c t i o n -
a t i o n o f a c a l o - a l k a l i n e magma i n the Emeksan area, d u r i n g the T e r t i a r y . 
The l e v e l s and na tu re o f most o f the f r a c t i o n a t i o n t rends are s i m i l a r 
t o those of other c a l c - a l k a l i n e t e r r anes . 
5.3.2. Leucograni te and In te rmedia te rodcs i n r e l a t i o n t o the 
l a t e magmatic se r i e s 
The generaticjn o f g r a n i t i c rocks has been one of the most exten-
s i v e l y discussed t o p i c s i n p e t r o l o g y . The rodcs which form g r a n i t i c 
b a t h d l i t h s can be generated by: 
( a ) f r a c t i o m l c x r y s t a l l i s a t i o n f r o m a bas ic magna; 
( b ) contaminat ion o f c r u s t a l m a t e r i a l s by f r a c t i o n a t e d bas ic magnaj or ' 
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( c ) p a r t i a l m e l t i n g o f c r u s t a l rocks . 
The l a t e magmatic ser ies have been shown as a se r i e s o f 
f r a c t i o n a l c r y s t a l l i s a t i o n products o f a c a l o - a l k a l i n e parent magma. 
Exis tence o f one magnatic process does not necessa r i ly exclude the 
o ther two mechanisms, indeed modem concepts o f genera t ion o f g r a n i t i c 
rocks i n v o l v e more than one process ( e . g . James and Hamil ton 1969> 
Ckrmichael e t a l . I974, W y l l i e e t a l . 1976, P reana l l 1979). 
The l e u c o g i a n i t e , g r a n o d i o r i t e and v a r i o u s adame l l i t e analyses 
are p l o t t e d i n the Harker v a r i a t i o n diagrams by computer (P ig s . 5.15 t o 
5.23). The f r a c t i o n a t i o n t rends computed f o r the l a t e magmatic se r i e s 
and the 90?^  confidence l i m i t s o f the r eg ress ion l i n e s are also shown i n 
the diagrams. I f a s i m i l a r c r y s t a l f r a c t i o n a t i o n process f rom bas ic 
magma produced a l l members o f the Hneksan b a t h o l i t h , a l l analyses 
should p l o t close t o the t r e n d , between the SOfo confidence l i m i t s , i n . 
case t h a t the e f f e c t of p o r p h y r i t i c phases i s ignored . 
The p o s i t i o n of the analyses w i t h respect t o the t rends depend on 
element and rock type . I n a group o f v a r i a t i o n diagrams the analyses 
p l o t between the SOfo confidence l i m i t s w h i l e i n others only c e r t a i n rock 
types p l o t out o f the confidence l i m i t s . 
X e n o l i t h s w i t h i n the in t e rmed ia t e rocks c o n t r o l some o f t h e i r 
element con ten t s . The. a d a m e l l i t e and flneksan p o r p h y r i t i c a d a m e l l i t e 
which c o n t a i n b a s a l t i c and a n d e s i t i c b locks gene ra l l y p l o t d o s e t o the 
f r a c t i o n a t i o n t r e n d , whereas analyses o f the contemporaneous E s e n l i 
p o r p h y r i t i c a d a m e l l i t e which has i n t r u d e d , and conta ins , x e n o l i t h s o f 
basement rocks , shows h i ^ l e v e l s of l i t h o p h i l e {K^O, Rb) and incom-
p a t i b l e (Nb, Y ) elements r e l a t i v e to the f r a c t i o n a t i o n t r e n d . H i ^ 
concen t ra t ions o f these elements are a l s o recorded i n the g r a n o d i o r i t e 
cons i s t en t w i t h i t s geographic p o s i t i o n and s i m i l a r x e n o l i t h content 
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FIGURE 3.16: a)MgO and b)Cao v s . SiO^ for the intermediate 
i n t r u s i v e rocks and leucograni te ,Lines represent binomial least -squares 
f i t s and 9CF/o confidence l i m i t s o f .the l a t e magmatic a e r i e s . 
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FIGURE 5.17$ a)Na20 and b)K^O rn. SiOg for the intermediate 
intr t i s iye rocks and leucograni te .Lines represent binomial least-squares 
f i t s and 99^ 0 confidence l i m i t s of the l a t e magmatio s e r i e s . 
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FIGURE 5 .18: a ) T i 0 2 and b)MnO vs . SiO^ for the intermediate 
i n t r u s i v e rocks and loucogranite .Lines represent bin(MDial least -squares 
f i t s and 9P^ e confidence l i m i t s of the la te magmatic s e r i e s . 
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FIGURE 5.19: ^)^2^5 v s . SIO^ for the intermediate 
intznisive rocks and leucograni te .Lines represent binrai ia l least-squares 
f i t s and 90^ confidence l i m i t s of the l a t e magmatic s e r i e s . 
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i n t r u s i v e rocks and leucograni te .Lines represent binomial least-squares 
f i t s and 90^ confidence l i m i t s of the l a t e magoiatic s e r i e s . 
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FIGURE 5.21: a)Hb and b ) S r v s . SiO^ for the intermediate 
i n t r u s i v e rocks and leucogranite .Lines represent binomial least-squares 
f i t s and confidence l i m i t s of the l a t e magmatic s e r i e s . 
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PIGCRE 5.22: a)Ba and b)Zn vs .S lO^ f o r the intermediate 
i n t r u s i v e rocks and leucograni te .Lines represent binomial least-squares 
f i t s and 9P^ confidence limltsiof the l a t e magmatic s e r i e s . 
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FIGURE 5.23: a)Cu and b)H v s . SiOg for the intermediate 
i n t r u s i v e rocks and leucogranlte . . L i n e s xvpresent binomial least-squares 
f i t s and 90^ confidence l i m i t s of the l a t e magmatic s e r i e s . 
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t o the E s e n l i p o r p h y r i t i c a d a m e l l i t e . The AlgO^ and Sr l e v e l s o f a 
l a r g e number o f the g i a n o d i o r i t e analyses are low compared t o those o f 
the l a t e magmatic ser ies a t SOjo c e r t a i n t y . Considerable amphibole 
c r y s t a l l i s a t i o n , i n s t e a d o f p l a g i o d a s e , i s p robably r e spons ib le f o r 
t h e low Al^O^ and Sr l e v e l s i n the gcanod io r i t e . 
The l e u c o g r a n i t e analyses d i f f e r f r o m the normal f r a c t i o n a t i o n 
t r end o f the l a t e magmatic se r ies i n a number o f v a r i a t i o n diagrams. 
The d i f f e r e n c e i s s i g n i f i c a n t f o r NagO, K^O, Nb, Y and Rb a t 905 ,^ and 
f o r Ba a;t 8C^, confidence l e v e l . 
Evidence r e l a t e d t o the f i e l d occurrence, petrography and minera-
logy o f the l e u c o g r a n i t e suggests i t may der ive f rom p a r t i a l m e l t i n g o f 
basement r o c k s . The d iemica l composi t ion of the l e u c o g r a n i t e should 
thus be cons i s t en t w i t h t h i s model, the l eucog ran i t e hav ing c r y s t a l l i s e d 
f rom a magma which was s t a b l e a t low temperature and h i g ^ water pressure. 
D i s t i n c t i v e d i f f e r e n c e s i n element concen t ra t ion between the l euco-
g r a h i t e and m i c r o g r a n i t e may thus r e f l e c t d i f f e r e n t physicochemical 
c o n d i t i o n s a t t he t ime of t h e i r c r y s t a l l i s a t i o n . 
The MgO, Ca.0, TiO^, Cu and N i contents o f the l eucogran i t e are 
only s l i g h t l y low r e l a t i v e to the f r a c t i o n a t i o n t r e n d , t h e i r l e v e l o f 
concen t r a t i on remain ing v i r t u a l l y constant . A n o r t h i t e r i c h p l a g i o -
clase and amphibole are u n a f f e c t e d d u r i n g i n i t i a l m e l t i n g and thus Cla 
l e v e l s o f the l e u c o g r a n i t i c magma remained low. There i s some evidence 
f o r m e l t i n g of b i o t i t e as discussed below. C r y s t a l l i s a t i o n o f t h i s 
m i n e r a l , however, was l i m i t e d i n the l e u o o g r a n i t e , suggest ing t h a t most 
o f t he b a s i c cons t i t uen t s o f b i o t i t e were l e f t i n the r e s idue . This i s 
cons i s t en t w i t h the view of Wink le r and Von P la t en ( 1 9 6 I ) . They have 
shown t h a t most o f the c o n s t i t u e n t s o f qua r t z , o r t h o d a s e and a l b i t e 
en te r the mel t d u r i n g a s h o r t temperature i n t e r v a l a f t e r m e l t i n g 
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s t a r t e d . Other cons t i t uen t s do not enter the melt u n t i l t h e tempera-
t u r e i s r a i s e d f u r t h e r . 
Contrary t o other ferromagnesian elements Pe2^3 co'^t®i'ts o f the 
l e u c o g r a n i t e a re i n the same l e v e l w i t h the f r a c t i o n a t i o n t r e n d . 
Magnet i t e c r y s t a l l i s a t i o n , t r i g g e r e d by h i g h o x i d a t i o n cond i t i ons , 
caused h i g h 0^ r e l a t i v e t o MgO. The behaviours o f the MnO and Zn 
a re s i m i l a r t o Fe20^, p o s s i b l y i n d i c a t i n g t h e i r i n c o r p o r a t i o n i n t o 
magnet i te (Ringwood 1955). M a g i e t i t e c r y s t a l l i s a t i o n may a l s o a f f e c t 
T i02 anid N i contents o f the l e u c o g r a n i t e which a re s l i ^ t l y h i g h 
compared t o MgO. 
The l eucogran i t e s show h i g j i Na^O, low K2O and s i m i l a r Al20^ 
concen t ra t ions t o the d i f f e r e n t i a t i o n t r e n d . Consequently the ISa^^/ 
KgO r a t i o s , and t h e r e f o r e the a l k a l i f e l d s p a r r a t i o s , between the 
m i c r o g r a n i t e and l e u c o g r a n i t e are d i f f e r e n t . The p r o p o r t i o n o f a l b i t e 
and K - f o l d s par i n g r a n i t e s i s an important f a c t o r r e l a t e d t o tonpera-
tu re -p res su re cond i t i ons revea led by phase d i a g r ^ s . De t a i l ed examina-
t i o n o f the phase diagrams w i l l be d e a l t w i t h below. 
High concent ra t ions o f Nb and Y i n the l e u c o g r a n i t e , compared t o 
the d i f f e r e n t i a t i o n t r e n d , are poss ib ly r e l a t e d t o a d i f f e r e n t pa ren ta l 
source. Whi le Y contents of the l eucog ran i t e are s l i g h t l y h i ^ e r than 
those of the basement rocks , Nb contents are n e a r l y doubled. Since 
b i o t i t e i s the main Nb-bear ing phase i n the basement rocks , m e l t i n g of 
a t l e a s t some b i o t i t e must be considered d u r i n g p roduc t ion o f the 
l e u c o g r a n i t i c magma. The t e x t u r e o f the b i o t i t e i n the basement rooks 
near the l e u c o g r a n i t e contact ( p. 31 ) i s i n d i c a t i v e o f m e l t i n g and 
r e c r y s t a l l i s a t i o n . Smal l degrees o f p a r t i a l m e l t i n g cause t o increase 
the Nb and Y concent ra t ions o f the i n i t i a l me l t (Cox et a l . 1979). 
Despi te the h i ^ concen t ra t ion o f Zr i n the basement rocks , no 
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dif ferences between the Zr l e v e l s of the leucogranite and the f r a o -
t i cna t ion trend are seen i n the v a r i a t i o n diagrams. Zircon does not 
constitute one of the e a r l y melt phases, indeed according to the 
experimental work of Bush et a l . (1974) on the i n i t i a l melting of 
g i a n o d i o r i t i c rocks , z ircon, together with anor th i t e - r i ch plagio-
d a s e and apat i te , remained as "nQn-dissolved** minerals. The Zr (and 
P^O^) contents of the leucogranite are thus independent of the 
parental source (White and Chappell 1977) and are controlled by 
c r y s t a l - l i q u i d e q u i l i b r i a . 
The leucogranites are depleted i n Ba and enriched i n Rb r e l a t i v e 
'to the l a t e magmatic s er i e s at 805^  and 905^  certainty and show s l i g h t l y 
low Sr l e v e l s r e l a t i v e to the fract ionat ion trend. These differences 
are however not d i s t i n c t i v e i n some leucogranites from near the 
i n t r u s i v e contact and with somewhat lower than normal SiO^ contents. 
Rb, Ba and Sr contents are often used to examine genetic r e l a -
t ions of igneous rocks . Var ia t ion diagrams prepared using Rb, Ba, S r , 
and t h e i r re la ted major elements K and Ca, should reveal valuable 
information about the evolution of these rocks. Figure 5.24» 25a, 
25b, 26a and 26b show the re la t ionsh ips of the analyses f o r K-Rb, Ga-
S r , Ba -Sr , Ba-Rb and Sr-Rb element pa ir s . Not a l l analyses of the 
intermediate rocks are plotted i n these diagrams because of t h e i r hig^ 
number and s i m i l a r element l e v e l s . The analyses come from a l l parts 
of the i n t r u s i c n and are considered representative of the granodiorite 
and various a-damellites. Only those microgranite analyses which con-
t a i n more than 90 weight per cent to ta l normative quartz, orthoclase 
and a l b i t e are included i n the diagrams, they represent the end 
members of the f rac t ionat ion trend and are most suitable for comparison, 
with the leucogranite analyses . 
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Since Rb^ (1.47A.) has a ten per cent bigger i on ic radius than 
^ (1 .33A) and smaller ions enter a c r y s t a l l a t t i c e more read i ly 
(Goldschmidt 1 9 5 4 ) » the K/Rb r a t i o should decrease with increas ing 
f r a c t i o n a t i o n . This has been shown by many (see Prinz I 9 6 7 for 
re f erences ) , and a progressive decrease of the K/Rb r a t i o fran 
b a s a l t i c to a c i d i c rocks i s a l so shown by most analyses of the l a t e 
magmatic s e r i e s and intermediate rocks. The range of the K/Rb r a t i o 
i s consistent with that of normal ca lo -a lka l ine rocks (Taylor 1965) . 
The leucogranite analyses, except those from the marginal 
samples, plot separately, d isplaying very low K/Rb ra t io s r e l a t i v e to . 
the other rocks . According to Heier and Taylor (I959a),feldspars from 
anatec t i c granites form a d i f f erent group, tending to be higher i n Rb. 
Although the K/Rb ra t io s of the basement rocks are not as low as the 
leucogranites , breakdown of b i o t i t e at the time of i n i t i a l melting 
would produce a melt phase enriched in Rb r e l a t i v e to K (Shaw 1968) . 
The r e l a t i v e l y high K/Rb r a t i o s of some marginal leucogranites suggest 
der ivat ion from a l o c a l l y biot i te-poor material or from a s imi lar 
source with d i f f erent melting history (Stavrov 1971» McCarthy 1976) . 
Despite the complex behaviour of S r , t h r o u ^ subst i tut ion for 
Ca and K i n fe ldspars , the Ca/Sr r a t i o , l i k e the K/Rb r a t i o , can be 
used to examine igneous s e r i e s . Because of small dif ferences in ion ic 
s i z e between Ca (0.99A) and Sr ( 1 . 1 2 A ) the Ca/Sr r a t i o decreases 
from b a s a l t i c to a c i d i c rocks , s imi lar to the ^ R b r a t i o , as reported 
by Taylor ( 1 9 6 5 ) . R e l a t i v e l y high amounts of amphibole c r y s t a l l i s a t i o n 
i n the granodiorite caused considerable divergence of t h e i r analyses 
from the normal fract ionaticai trend. The leucogranite analyses, other 
than some marginal samples, plot separately from the a c i d i c end of the 
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f rac t ionat ion trend. Their posit ion in the diagram i s controlled by 
t h e i r r e l a t i v e l y low Sr concentrations. 
The behaviours of Ba, Sr and Rb during magma t i c processes have 
been examined i n the ligjht of t h e i r par t i t i on c o e f f i c i e n t s f o r the 
various minerals , by many authors. Fract iona l c r y s t a l l i s a t i o n , or 
p a r t i a l fusion of c e r t a i n phases, would change the ccmposition of the 
remaining mater ia l . Therefore, patterns of f r a c t i o n a l c r y s t a l l i s a t i o n 
within magmatic s er i e s can be predicted. The behaviour of the inter-
mediate rock analyses i s ra ther e r r a t i c because of involment of various 
major and accessory mineral phases. Their plots are generally com-
pat ib le , however, with the fract ionat ion of plagioaLase, hornblende and 
b i o t i t e from a d o l e r i t i c magna. A l k a l i fe ldspar fract ionat ion controls 
the Ba, S r and Rb contents of the a c i d i c end of the ser i e s . The leuco-
grani te analyses seem to plot at the most a c i d i c end of the normal 
f rac t ionat ion s e r i e s but the proportion of the minerals i n t h i s granite , 
suggest that i t i s un l ike ly to be produced by normal fract ionat ion of 
intermediate magma. 
The leucogranite and microgranite analyses shown i n the f igures 
contain more than 90 weight per cent to ta l normative quartz, orthoclase 
and a l b i t e . C r y s t a l l i s a t i o n of these minerals from intermediate magma 
changes the composition of the l iquids according to the R a y l e i ^ 
equation (Arth 1976). 
C. 1 
where Cj^  i s the concentration in the d i f ferent ia ted l i q u i d , i s the 
concentration of the or ig ina l melt, F i s the f r a c t i o n of l iqu id 
remaining and D i s the element d i s t r i b u t i o n coe f f i c i en t for a p a r t i -
cu lar m i n e r a l - l i q u i d pa i r . 
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The e f f e c t s of quartz, orthoclase and a l b i t e c r y s t a l l i s a t i o n on 
Ba, S r and Rb concentrations are calculated and shown i n the v a r i a t i o n 
diagrams (P ig . 5.25b, 5.26a, b ) . I ^ t i t i o n coef f i c i ents for r h y o l i t i c 
rocks, given by Arth (197^), are used i n the ca lculat ions . 
Approximately equal amounts of quartz, orthoclase and a l b i t e 
occur i n both the leucogranite and microgranite. The overal l behaviour 
of Ba, Sr and Rb during f r a c t i o n a t i c n of g r a n i t i c magma from i n t e r -
mediate magna i s represented by grg i n Figures 5'25b and 5.26 a, b. 
Clear ly the microgcanite can be produced by c r y s t a l l i s a t i o n of a l k a l i 
fe ldspars (and quartz) from intermediate magma. The leucogranite 
would a l so seem, at f i r s t s ight, to be capable of forming by a s i m i l a r 
process. However th i s would require c r y s t a l l i s a t i o n of considerably 
more K-fe ldspar and these do not appear i n e i ther the modes or norms 
of these rocks. 
Low Ba and Sr and h i ^ Rb concentration i n the leucogranite 
support i t s derivat ion from the basement rocks by p a r t i a l melting. 
McCarthy (l976) has revealed that the f i r s t products of p a r t i a l melting 
are r i c h i n Rb and poor in Ba and Sr , due to retention of Ba and S r in 
the res idue . I t may wel l be, therefore, that while Ba and Sr l e v e l s 
in the leucogranite are low r e l a t i v e to the basement rocks, the average 
Ba/Sr r a t i o s of these rocks are comparable. Long (1978) has reported 
increas ing p a r t i t i o n coe f f i c i ent s for Ba and S r i n a l k a l i fe ldspars 
with increas ing magnatic temperature. Ant ipin et a l . (1975) have 
suggested that igneous rocks with high contents of Ba and Sr are 
gene t i ca l ly re la ted to b a s a l t i c magmas. Hawkesworth and Vollmer (1979) 
have demonstrated a close connection between low Sr contents and high 
' S r / S r r a t i o s which implies p a r t i a l melting of continental crust . 
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5.4. Microgranite and leucogranite 
The microgranite and leucogranite, which represent the most a c i d i c 
rodcs i n the Bneksan area , have d i f ferent intrus ion ages r e l a t i v e to the 
inteimediate rocks which constitute the main part of the bathol i th . The 
microgranite bodies cut the intennediate rocks and are thus considered 
to be one of the youngest members of the i n t r u s i v e su i te . The s i m i l a r 
in trus ion age, mode of emplacement and element l eve l s of the micro-
grani te , andesite porphyry and do ler i te have resulted in the i r i n t e r -
pretat ion as a genet ica l ly re la ted magnatic sui te . 
The leucogranite, on the other hand, formed before the i n t e r -
mediate rocks . I t s counterpart, the contaminated leucogranite, shows 
somewhat s i m i l a r features to migmatites (Oiapter 2) thoug^it to have 
originated by p a r t i a l fus ion of continental materials (Mehnert 1968, 
Carmichael et a l . 1974)» Thi s , and other evidence, such as contact 
relationis with basement rocks and the s t ruc tura l s tate of a l k a l i 
f e ldspar suggest that the leucogranit ic magma was generated by anatexia. 
I t s pos i t ion in the var ia t ion diagrams a lso discount an or ig in by 
d i f f e r e n t i a t i o n from bas ic or intermediate magma. 
Following the work of Tuttle and Bowen (1958)> many experimental 
studies has been done on the g r a n i t i c system. The behaviour of mineral 
phases i n g r a n i t i c rocks has been examined i n response to changing 
pressure-temperature conditions. A l t h o u ^ there are some l imitat ions 
i n the appl i ca t ion of experimental studies to natural granites , they 
have provided much information pertinent to the o r i g i n and developnent 
of granites (Luth 1976). 
The system SiO^-NaAlSi^Og-KAlSi^Og-HgO has generally been con-
sidered as the theore t i ca l framework for studies of the petrogenesis 
of g r a n i t i c rocks (Winkler 1974)' Since even small amounts of 
157 
ClaAl2Si20g a f f e c t t h i s system, anorthite i s usual ly placed i n the t h i r d 
dimension with quartz, orthoclase and a l b i t e forming the base of the 
tetrahedron. Here, to s i m p l i f y the picture , quartz -or thodase -a lb i te 
and orthoc lase -a lb i te -anorth i te ternary diagrams w i l l be examined 
separately. 
Figure 5*27 shows the r e l a t i v e posit ion of the microgranite and 
leucograhite analyses i n respect of various water pressures. The 
co tec t i c l i n e which divides the quartz and fe ldspar f i e l d s a t a coaistant 
pressure moves downward from the quartz apex with increasing water . 
pressure. The leucogranite analyses general ly plot near the h i ^ water 
pressure co tec t i c l i n e while the microgranite analyses locate near 
cotec t ics of lower pressure. 
The i s o b a r i c minimum' or eutect ic at any pressure i s a goal towards 
which natura l g r a n i t i c l iqu ids move during fract ionat ion , although i t i s 
usua l ly not reached (Luth et a l . I964) . The points representing com-
posit ions of the microgranite magna migrate towards the low pressure 
co tec t i c l i n e with increase i n normative quartz and orthoclase/albite 
r a t i o . This i s consistent with fract ionat ion trends in the l a t e 
magmatic s e r i e s , Na20 decreasing and K^O increas ing with increasing 
Si02 contents. The composition of the f i n a l microgranite melts shown 
i n Figure 5.27 corresponds with the 5OO bars quartz-fe ldspar cotect ic 
l i n e which i s equal to a depth of approximately 1.5-2.0 km. This 
depth range i s compatible with the hypabyssal enplacement of the 
microgranite. 
The pos i t ion of the leucogranite analyses i n the quartz-
or thoc lase -a lb i te system also support a separate or ig in . Had they, 
been part of the la te magmatic ser ies they sha i ld have plotted at the 
extreme ac id end of the ca lo -a lka l ine fract ionat ion ser ies because of 
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t h e i r high SiOg and low Ca and ferromagnesian element l e v e l s . Most of 
the leucogranite analyses plot near to the 3 kbar water pressure co teo 
t i c l i n e . 
H i ^ water-pressures lower the melting temperature of so l ids , the 
presence of water being es sent ia l during the melting of crus ta l material 
a t low temperatures. The pegnat i t i c veins of the ISamya d i s t r i c t , which 
are reMed to the leucogranite, and the coarse gra in-s i ze of the leuco-
grani te may both imply high water pressures and/or slow cooling of 
magma (Luth 1976). The a l k a l i fe ldspars of the leucogranite, unlike 
a l k a l i fe ldspars of the other rock types, show unmixing. This suggests 
more than 2.2-3.0 kbar water pressure (see Wiakler 1974 for re ferences ) . 
However slow cooling may cause a hanogeneous fe ldspar to unmix, preven-
t i n g a f i r m conclusion. The time-span of the leucogranite intrus ion , 
which postdates Mesozoic and T e r t i a r y volcanism ajnd sedimentation, and 
predates in trus ion of the main b a t h d i t h i c phases, suggests that higjh 
water pressure i s a f e a s i b l e explanation f o r unmixing of feldspar. The 
metamorphic minerals , almandine and cordier i te produced by the inter-
mediate rocks indicate the pressure range 4-7 kbar. 
The bulk composition of the melting material containing quartz, 
a l k a l i fe ldspar and plagiociase has l i t t l e influence over the ear ly 
melt composition (Brown and Fyfe 1910). According to James and 
Hamilton (1969), "The l i q u i d formed by p a r t i a l melting a quartz-two 
fe ldspar assemblage w i l l l i e on the i sobar i c univariant l ine of the 
quinary system only so long as quartz, plagioclase and a l k a l i - f e l d s p a r 
remain as s o l i d phases. I f , during heating, one of these three so l id 
phases i s used up the l i q u i d composition w i l l fol low a course on the 
quartz - fe ldspar surface i f one feldspar has been consumed, and on the 
two fe ldspar surface i f quartz has been consumed". The basement rocks 
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of Emeksan contain higji contents of quartz a l t h o u ^ fe ldspar contents 
are v a r i a b l e . Leucogranite analyses enriched in normative quartz 
r e l a t i v e to a l k a l i fe ldspar are taken from near the southern margin of 
the i n t m s i o n . The nearest s c h i s t s (sample No. 217) from which these 
leucogranites may have been derived have only small amounts of K-
fe ldspar ( I O - I 5 per cent) . On the basis of these data seme of the 
melt compositions l e f t the cotect ic l i n e and moved along the cotect ic 
plane of p lag iodase -quartz with further melting. This i s consistent 
with the experimental work of Winkler (1974 p. 289-290) on the melting 
behaviour of s i m i l a r gneiss (Ab/An = 2.6). The sch i s t s (sample No. 234)» 
which poss ibly provide source material f or the separate small leuco-
granite mass ins ide the E s e n l i porphyr i t i c adamell ite, contain h i ^ 
amounts of K-fe ldspar . Accordingly a l l analyses from the northwestern 
leucogranite block have low normative quartz contents ind ica t ing that 
they did not leave the co tec t i c l i n e . These leucogranites have high 
K/Rb r a t i o s which may r e f l e c t a biot i te -pocr source material . However, 
some of the v a r i a t i o n may be due to unequal a v a i l a b i l i t y of water i n 
the source materia l during p a r t i a l melting. 
The quartz-a lb i te -orthoc lase conpositions of the microgranite 
and of rhyodacites of the Hars i t r i v e r area belonging to both Upper 
and Lower Volcanic Ser ie s are shown in Figure 5.28. Isothermal curves 
are r e l a t e d to 500 bar water pressure (Tutt le and Bowen 1958). With 
decreasing temperature microgranite analyses are enriched i n normative 
quartz, except f o r one plot i n the quartz f i e l d . This i s i n l i n e with 
fe ldspar f rac t ionat ion . The ca lo -a lka l ine aSiyodacites of the Hars i t 
r i v e r area a l s o demonstrate s i m i l a r features , but r e l a t i v e l y deeper 
magma generation. The normative compositions of the rhyodacites of 
the Lower Volcanic Ser ies are consistent with t h e i r t h o l e i i t i c nature, 
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being enriched i n s i l i c a r e l a t i v e to the a l k a l i elements. 
The leucogranite analyses are located much nearer to the minimum 
melting, or e u t e c t i c composition, compared to the microgranite analyses. 
They thus p lo t ,w i th in the low temperature range (P ig . 5.29). Winkler 
(1974) has revealed that the composition of the f i r s t melt, i n general, 
i s not that of the co tec t i c minimum, but i s re lated to the conqjosition 
of the source rock. The leucogranite analyses plot towards the quartz-
orthoclase j o i n of the minimum-temperature melt canposition. S i m i l a r 
i n i t i a l melt ing compositions are interpreted as a r e s u l t of the break-
down of b i o t i t e by Brown and l y f e (1970). The anorthite content of 
p lag ioc lase i s an important factor determining the composition of the 
f i r s t melt. Experimental work by Von Platen (1965) and James and 
Hamilton (1969) has shown that the i n i t i a l melting temperatures r i s e 
with decreasing Ab/An r a t i o of a source rock containing plagioclase , 
a l k a l i f e ldspar and quartz. The normative quartz and orthoclase com-
pos i t ion of the f i r s t melt a l so increase with decreasing Ab/An r a t i o 
of the source rock. Since the possible source rocks involve b i o t i t e 
and more a n o r t h i t e - r i c h plagioclase than a l b i t e , the leucogranite 
analyses s h i f t from the minimum melt composition of Tut t l e and Bowen 
(1958) towards the quartz-orthodlase j o i n . 
The anorthite compositions of the rock types are shown against 
t h e i r a l k a l i fe ldspar compositions i n Pig. 5.30. Most of the leuco-
granite analyses are located on K- fe ldspar -p lag iodase cotec t ic 
planes f o r pressures s l i g h t l y lower than 5 kbar Pfj20* leuoo-
granites which are enriched i n normative quartz, show r e l a t i v e l y high 
a l b i t e and anorthite compositions i n th i s diagram, indicat ing that 
they have migrated s l i g h t l y onto the quartz-plagioclase cotect ic plane. 
I n Figure 5*30 the microgranite and other inteimediate and bas i c 
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r o c k s a r e shown as crosses. There i s c l e a r l y a c r y s t a l - l i q u i d r e l a t i o n -
s h i p between the m i c r o g r a n i t e and o ther rock types . Separa t ion o f 
a n o r t h i t e - r i c b p l a g i o c l a s e r e s u l t i n g i n the l i q u i d composit ion moving 
down to the p l a g i o d a s e - o r t h o c l a s e plane (Oarmichael e t a l . 1974)« 
Once t h i s l i q u i d read ies the low-pressure c o t e c t i c plane i t s compo-
s i t i o n must move towards the quar tz f i e l d as discussed above. Some o f 
the m i c r o g r a n i t e analyses, however, p l o t w i t h i n the o r thoc lase f i e l d , 
most o f these are f rom a p l i t e <^ykes. 
I n conc lus ion geochemical evidence supports t h e g e o l o g i c a l and 
p e t r o g r a p h i c d i f f e r e n c e s between the l eucogran i t e and m i c r o g r a n i t e . 
The l e u c o g r a n i t e i s g e n e t i c a l l y r e l a t e d t o a process o f p a r t i a l 
m e l t i n g o f t h e basement rocks w h i l e the mic rog ran i t e shows an i n t i m a t e 
r e l a t i o n s h i p w i t h the d o l e r i t e , andes i te porphyry, and t o some ex ten t 
w i t h the i n t e r m e d i a t e rocks , i n d i c a t i n g t h a t i t i s produced by c r y s t a l 
f r a c t i o n a t i o r i . 
Element l e v e l s of both g r a n i t e s can be compared w i t h o the r w o r l d -
wide examples. Major and t r a c e element abundances i n var ious a c i d i c 
rocks are t a b a l a t e d i n Table 5.2. The chemical conposi t ions o f l euco-
g r a n i t e s f r a n the Snowy Mountains , A u s t r a l i a (Kolbe and Taylor 1966a, 
1966b) and f r o m Ctaan (Abbo t t s 1978) are very s i m i l a r t o those o f 
Emeksan. These authors compared element contents o f l eucogran i t e s 
w i t h granophyres and p l a g i o g r a n i t e s which, they t h o u ^ t , represent 
the a c i d i c p roduc t s of s t r o n g l y d i f f e r e n t i a t e d bas ic magmas. They 
f i n a l l y concluded t h a t the l eucogran i t e s were formed by p a r t i a l m e l t i n g 
o f c o n t i n e n t a l c r u s t , o r geos^mclinal sediments, because o f t h e i r 
d i s t i n c t i v e chemistry and t e c t o n i c environment. T a y l o r e t a l . (1968) 
at tempted t o compare the chemistry of the Snowy Mountains ' l eucog ran i t e 
w i t h ad jacen t g r a n o d i o r i t e and w i t h a c i d i c v o l c a n i c rocks f r o m New 
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Zealand t o e s t a b l i s h a model f o r e i t h e r f r a c t i o n a l c i y s t a l l i s a t i o n or 
p a r t i a l m e l t i n g . They i n t e r p r e t e d the h i ^ Rb and Cs and low Ba, Sr 
and Eu concen t ra t ions o f the l eucogran i t es as a r e s u l t o f f r a c t i o n a t i o n 
c r y s t a l l i s a t i o n o f g c a n o d i o r i t i c magma. Al though they admit ted t h a t 
the l e u c o g r a n i t e has a minimum-temperature canpos i t ion i n the q u a r t z -
o r t h o c l a s e - a l b i t e system they d id not consider any model r e l a t e d t o 
the p a r t i a l m e l t i n g , r a t h e r they asc r ibed d i f f e r e n c e s i n the chemistry 
o f the v o l c a n i c rocks t o " the l e u c o g r a n i t e t rends" as a r e s u l t of 
p a r t i a l m e l t i n g . They d i d not i n v e s t i g a t e any poss ib le p a r e n t a l source 
or r e l a t i o n s h i p t o o ther f r a c t i o n a t e d magnatic rocks ( e . g . ca l c -
a l k a l i n e s e r i e s ) . 
The a c i d i c products of var ious c a l c - a l k a l i n e se r i e s g e n e r a l l y 
show d i f f e r e n t chemistry f rom the l eucog ran i t e s . They are r e l a t i v e l y 
enr iched i n MgO, t o t a l Fe and ferrcraagnesian t r a c e elements, as w e l l 
as Ca, Sr and Ba. The s i l i c a , t o t a l a l k a l i elements and Rb seem t o be 
lower i n the a c i d i c products o f c a l c - a l k a l i n e magmas. Fur the r f r a c -
t i o n a t i o n o f c a l o - a l k a l i n e magma cannot poss ib ly produce a rock showing 
s i m i l a r chemis t ry t o the l e u c o g r a n i t e s . Other processes, such as 
d i f f u s i o n of the elements or e x t r a c t i o n o f minera l phases i n d i f f e r e n t 
p r o p o r t i o n s are a l s o u n l i k e l y , a t l e a s t a t Emeksan. 
The Nb and Y contents of the Emeksan m i c r o g r a n i t e and rhyodaci tes 
of the H a r s i t r i v e r area are c h a r a c t e r i s t i c of c a l o - a l k a l i n e a c i d i c 
r o c k s . Levels are r e l a t i v e l y h igher i n the Emeksan l eucogran i t e s . I t 
i s ve ry d i f f i c u l t t o envisage d i f f u s i c n o f these elements f rom the 
w a l l rocks or o ther p a r t o f the magma. Accord ing to Cox et a l . (l979) 
"The c o n c e n t r a t i o n o f h i g h l y incompat ib le elements i n the mel t can 
reach v e r y h i g h values f o r smal l degrees o f p a r t i a l m e l t i n g " . 
The low Sr and h i ^ Rb contents o f leucograni tes can be r e l a t e d 
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t o the e x t r a c t i o n o f l a r g e amounts o f p l a g i o d a s e f r o m t h e l i q u i d 
phase. I n t h i s case, Ba and K contents should a l s o have increased i n 
the l e u c o g r a n i t e r e l a t i v e t o the m i c r o g r a n i t e . 
The KgO/Na^O r a t i o s of the l eucogran i t e s i n d i c a t e t h e i r minimum-
temperature me l t composit ion i n the q u a r t z - o r t h o c l a s e - a l b i t e system. 
Where the magna i s close t o t h e minimum m e l t i n g composi t ion the l i q u i d u s 
and s o l i d u s temperatures w i l l a l s o be close and a small degree o f 
c o o l i n g , or water l o s s , could cause c r y s t a l l i s a t i o n ( H a r r i s et a l . 
1970). The l e u c o g r a n i t e magma i s t h e r e f o r e not l i k e l y t o i n t r u d e t o 
h i ^ l e v e l s f r o m the source r e g i o n . The minimum melt composit ion may 
a l s o be produced towards the end o f the f r a c t i o n a l c r y s t a l l i s a t i o n f r c m 
a bas i c magma. The K20/Na20 r a t i o s i n the c a l c - a l k a l i n e a c i d i c rocks 
show a wide range which i s r e l a t e d to the r a t i o s i n t h e i r pa ren ta l 
magmas (Ca.Tmlcha.el et a l . 1974). The K^O/NagO r a t i o of the Emeksan 
m i c r o g r a n i t e i s s l i g h t l y h igher than f o r average c a l o - a l k a l i n e g r a n i t e 
shown by Nockolds (1954). 
5. 5. In t e rmed ia te rocks 
The g r a n o d i o r i t e , a d a m e l l i t e , Elneksan p o r p h / r i t i c adamel l i t e and 
E s e n l i p o r p h y r i t i c adame l l i t e are grouped under the name o f i n t e r -
mediate r o c k s . They occupy about th ree quar te rs o f the s tud ied area. 
T h e i r i n t r u s i o n age f a l l s between t ha t o f the two most a c i d i c rock 
types , w h i c h a re thought t o be produced by d i f f e r e n t geo log ica l 
processes. A ques t ion may t h e r e f o r e be r a i s e d : t o w h i d i process are 
t h e i n t e r m e d i a t e rocks g e n e t i c a l l y r e l a t ed? The hypothesis r e l a t e d t o 
the o r i g i n o f these p l u t o n i c rocks w i l l be examined i n the l i g h t of 
g e o l o g i c , pe t rog raph ic and geochemical evidence. 
i t has l o n g been recognised t h a t g r a n i t i c b a t h o l i t h s are gene ra l l y 
assoc ia ted w i t h erogenic b e l t s . T h e i r l o c a t i o n i n h igh grade meta-
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morphic zones and t h e i r l a r g e volumes have o f t e n suggested a genet ic 
r e l a t i o n s h i p w i t h the c r u s t a l m a t e r i a l . 
Accord ing t o French and Scandinavian p e t r o l o g i s t s , most g r a n i t i c 
p lu tons a re produced by i o n i c d i f f u s i o n t h r o u ^ c r y s t a l l a t t i c e s and 
a l o n g i n t e r g r a n u l a r boundaries i n the s o l i d rocks . Experimental data 
have shown t h a t the l a r g e scale m i g r a t i o n of elonents over distances 
c h a r a c t e r i s t i c of b a t h o l i t h s i s not a reasonable process (Turner and 
Verhoogen 196O). Sharp contacts and m i n e r a l o g i c a l f ea tu res shown by 
the g r a n o d i o r i t e and v a r i o u s adamel l i t e s suggest magnatic i n t r u s i o n 
r a t h e r than g r a n i t i z a t i o n by d i f f u s i o n . 
Accumula t ion of sedimentary and v o l c a n i c m a t e r i a l near consuming 
p l a t e boundaries achieve t h i c k s i a l i c crus t i n erogenic zones. 
Migmat i t e s a re g e n e r a l l y l oca t ed i n the lower p a r t o f the erogenic 
b e l t s and w i d e l y d i s t r i b u t e d i n rocks of h i ^ - g r a d e metamorphism. The 
migmat i t e s , a cco rd ing t o many au thors ( e . g . Mehnert 1968), are genera-
ted by ana tex i s o f c r u s t a l rocks . Product ion of var ious p l u t o n i c redes 
i s exp la ined by concen t r a t ion and i n t r u s i o n of the fused p o r t i o n s o f 
the migmat i tes th rough t ime and place, as i n the concept o f the 
"Gran i te Ser ies" of Read (1957)« The recent experimental data i n d i c a t e .' 
t h a t the c o n s t i t u e n t s o f b a t h o l i t h s , except t o n a l i t e , d i o r i t e or more 
bas ic rocks , can be generated i n the c o n t i n e n t a l c rus t as a normal 
cdisequence o f r e g i o n a l metamorphism ( W y l l i e et a l . 1976, W y l l i e 1977). 
I n order t o generate a g r a n o d i o r i t e l i q u i d , c o n t a i n i n g the canponents 
o f b i o t i t e and hornblende i n s o l u t i o n a t 10 kbar pressure, temperatures 
o f 900°C or more are r e q u i r e d , even w i t h excess H^O, and approad i ing 
110d°c"for l i q u i d w i t h 2fo d i s so lved H2O ( W y l l i e 1977). To account f o r 
sud i a t h i c k s i a l i c c rus t f o r the Pont ids d u r i n g the T e r t i a r y i s 
d i f f i c u l t when cons ide r ing i t s i s l a n d - a r c environment and thickness of .. 
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the Mesozoic and T e r t i a r y foi^mations. 
Another model has been produced by White and Chappell (1977) 
propos ing t h a t the g r a n i t o i d s are a m ix tu r e of c r y s t a l l i s e d mel t and 
r e s t i t e . Because o f t h a t a l l the s o l i d c r y s t a l l i n e m a t e r i a l of g r a n i -
t o i d magma has n o t n e c e s s a r i l y p r e c i p i t a t e d f r o m a m e l t , h i ^ tempera-
tu res need not be i n v o l v e d t o e x p l a i n t h e i r c r u s t a l o r i g i n . The 
presence o f c l o t s and s i m i l a r i t y i n some o f the element l e v e l s would 
make a s u i t a b l e process f o r o r i g i n o f the g r a n o d i o r i t e f rom p a r t i a l l y 
m e l t i n g basement rocks. ' But other element l e v e l s do not r e c o n c i l e w i t h 
such a model. For example Ga and N i l e v e l s i n the g r a n o d i o r i t e are 
almost doubled r e l a t i v e to the basement rocks . A f r a c t i o n a l f u s i o n 
model f r o m the l e u c o g r a n i t e t o the g r a n o d i o r i t e th rough the contaminated 
l e u c o g r a n i t e seems to be an a t t r a c t i v e model but i t i s hard t o r e c o n c i l e 
the chemical composi t ion of these, and the basement iX)cks, w i t h such a 
process. High l e v e l s of the bas ic elements i n the g r a n o d i o r i t e , 
r e l a t i v e t o the basement rocks , invoke a d d i t i o n a l bas ic m a t e r i a l f rom 
an ou ts ide source. The p o s i t i o n of the g r a n o d i o r i t e and va r ious adamel-
l i t e analyses i n most v a r i a t i o n diagrams may i n t u r n suggest t ha t they 
are g e n e t i c a l l y r e l a t e d to the f r a c t i o n a t i n g c a l c - a l k a l i n e magma r a t h e r 
than t h a t t h e y are p a r t i a l mel t products o f c o n t i n e n t a l ma te r i a l w i t h 
d i f f e r e n t chemical composi t ions . Scane o f the bas ic minera l s , such as 
i d i o m o r p h i c hornblende i n the in te rmedia te rocks , may imply t ha t they 
have c r y s t a l l i s e d f rom a m e l t . This would imply h igh temperature 
cond i t ions f o r the p a r t i a l m e l t i n g . 
The compos i t iona l range of the b a t h o l i t h i c rocks , i n broad sense, 
i s s i m i l a r t o t h a t of the andesi tes , dac i tes and r h y o l i t e s (Larsen 
1948). Th is has g e n e r a l l y been taken as evidence f o r a gene t i c 
r e l a t i o n s h i p between p l u t o n i c and v o l c a n i c rocks . De t a i l ed geochemical 
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s tud ie s between the two rock se r i e s are , however, v e r y l i m i t e d . 
T i l l i n g (1974) has shown t h a t v o l c a n i c and p l u t o n i c rocks o f the 
Boulder B a t h o l i t h Region, Montana have g e n e t i c a l l y ccmpatible composi-
t i o n s and t ime r e l a t i o n s h i p s , but he d id not i nc lude quartz-monzonite , 
which forms about t h ree -qua r t e r s of the b a t h o l i t h , i n t h i s conclus ion . 
A f t e r a p e t r o g e n e t i c study o f the p l u t o n i c and v o l c a n i c rocks o f the 
Andean C o r d i l l e r a , Thorpe and Franc is , (1979) have concluded t h a t " . . b o t h 
i n t r u s i v e and e x t r u s i v e s u i t e s o f c a l o - a l k a l i n e rocks a re mant le-
d e r i v e d , but t h a t there i s a smal l - and sometimes overs ta ted - c o n t r i -
b u t i o n f r o m the c o n t i n e n t a l c r u s t " . There are a l so many o ther r e p o r t s 
p ropos ing the c r y s t a l f r a c t i o n a t i o n o f a c a l o - a l k a l i n e magma f o r the 
o r i g i n of the g r a n i t i c rocks ( e . g . Condie 1969» Er ikson 1977» P i t c h e r 
1978). : 
However, l a r g e volumes of i n t e r m e d i a t e - a c i d i c rocks , of g r an i t e s 
r e l a t i v e t o b a s i c rocks , and the composit ion o f the m a t e r i a l beneath 
b a t h o l i t h s , as i n f e r r e d f r o m seismic data (Bo th et a l . 1970)» r u l e out 
a s imple model o f f r a c t i o n a t i o n f r o m a bas ic magma f o r the l a r g e g r a n i -
t o i d s . G r a n i t i c rocks formed by some process w i t h i n the o l d c r y s t a l l i n e 
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basement should have h igh i n i t i a l Sr / S r r a t i o s , contrary t o mant le-
der ived igneous rocks . But most g r a n i t i c rocks show low i n i t i a l Sr / 
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Sr r a t i o s . For t h i s reason, young v o l c a n i c rocks , and other low-Rb 
recks s u d i as ' eugeosync l ina l ' graywackes, have been suggested as a 
probable source rocks f o r b a t h o l i t i c g r an i t e s (Peteiman et a l . 1967). 
M i x i n g o f bas i c magma der ived f rom deep sources w i t h o l d c r u s t a l 
mater ia , ls has a l so been used t o e x p l a i n the low rad iogen ic s t ron t ium 
contents of the l a rge g r a n i t e s ( F y f e 1978). Al though p a r t i a l m e l t i n g 
o f o l d l o w e r c rus t or upper mantle source m a t e r i a l such as g r a n u l i t e s 
o f about q u a r t z - d i o r i t e composi t ion would g ive app rop r i a t e low 
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Sr ' / S r , t h e r e are ob j ec t i ons t o such a model on p e t r o l o g i c grounds 
(Hyndman 1972). 
Normal amounts of conductive heat f rom the mantle, and f r o m 
r a d i o a c t i v e decay i n the c rus t , would have been inadequate f o r the 
p a r t i a l m e l t i n g of the b a s a l t i c elements o f the c o n t i n e n t a l c ru s t , 
e s p e c i a l l y where i t was r e l a t i v e l y t h i n . P re sna l l and Bateman ( l973) 
have thus suggested a t r a n s i e n t heat source f r o m the mantle t o 
e x p l a i n f u s i o n o f the c rus t i n the western S i e r r a Nevada. They 
be l i eved t h a t " . . . upward t r a n s p o r t of a n d e s i t i c and b a s a l t i c magmas 
generated a long a Mesozoic subduct ion zone d i p p i n g beneath the S i e i x a 
Nevada would have provided s u f f i c i e n t a d d i t i o n a l heat t o make f u s i o n 
of the l ower c rus t unavoidable" . As a r e s u l t of t h e i r experimental 
work, P i w i n s k i i and W y l l i e (^^68) a l s o suggested involvement o f 
b a s a l t i c magma i n the development of magmas o f in te rmedia te composit ion 
i n b a t h o l i t h s . I t i s n o t c l ea r , however, whether the temperature of 
the c rus t could be s u f f i c i e n t l y r a i s e d t o generate a n a t e c t i c l i q u i d s 
o f t o n a l i t e composi t ion by t h i s process ( W y l l i e e t a l . 1976). 
Because o f i t s poss ib le r a t h e r smal l th ickness , p a r t i a l m e l t i n g 
of the Pon t id c rus t t o g i v e b i r t h t o a g r a n o d i o r i t i c magma i s not 
l i k e l y t o occur. Thus the r o l e of basic magma i n the e v o l u t i o n o f the 
i n t e r m e d i a t e rocks of Emeksan can not be ignored , s ince v o l c a n i c rocks 
c o n s t i t u t e the major p a r t o f the Pont ids . I n a d d i t i o n the presence o f 
a smal l gap i n the in t e rmed ia t e stage of the l a t e magmatic se r i es , the 
comparable l e v e l s of most elements o f the in t e rmed ia t e rocks t o the 
t r end may imply c r y s t a l f r a c t i o n a t i o n f rom a bas ic magma. But produo-
t i o n o f the in te rmedia te rocks by f r a c t i o n a t i n g bas ic magma w i t h o u t 
involvement o f the c r u s t a l m a t e r i a l s seems t o be unreasonable on the 
bas is o f the g e o l o g i c a l , p e t r o l o g i c and geochemical grounds. 
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R e l a t i v e l y b i g volumes o f t h e i n t e rmed ia t e rocks , r e i n f o r c e d by the 
presence of x e n o l i t h s f r o m the country rocks , may suggest some c o n t r i -
b u t i o n f r o m the c o n t i n e n t a l c r u s t . iUrthermore there i s a s t r o n g 
c o r r e l a t i o n between v a r i o u s i n t e rmed ia t e i n t r u s i v e rocks and t h e i r 
country rocks i n b o t h d iemica l composi t ion and t h e i r x e n o l i t h composi-
t i o n . The g r a n o d i o r i t e and E s e n l i p o r p h y r i t i c adamel l i t e were i n t r u d e d 
i n t o the basement rocks which inc lude g r a n i t o i d s and quar tz-mica-
f e l d s p a r s c h i s t s o f pre-Mesozoic age. They c a r r y blocks and c l o t s o f 
t h i s o l d massive. The a d a m e l l i t e , on the other hand, i n t r u d e d i n t o 
Upper Cretaceous v o l c a n i c t u f f s and contains b a s a l t i o a n d e s i t i c xeno-
l i t h s o f probable Mesozoic age. The Sneksan p o r p h y r i t i c adamel l i t e 
occurs between these two u n i t s but g e n e r a l l y c a r r i e s s i m i l a r b locks t o 
the a d a m e l l i t e . The g r a n o d i o r i t e and E s e n l i p o r p h y r i t i c adamel l i t e 
show h i g h l e v e l s of l i t h o p h i l e elements and h i g h f i e l d s t r e n g t h t r ace 
elements such as Nb and Y r e l a t i v e t o the a d a m e l l i t e . This may be 
r e l a t e d t o the k i n d o f i n c l u s i o n they con ta in . 
The element l e v e l s o f the l e u c o g r a n i t e and var ious in te rmedia te 
rocks r e l a t i v e t o the f r a c t i o n a t i o n t r end of the l a t e magmatic se r ies 
a re summarised i n Table 5.3. The chemicaLl compositions of the adamel-
l i t e and Bmeksan p o r p h y r i t i c a d a m e l l i t e show no s i g n i f i c a n t d i f f e r e n c e s 
t o the f r a c t i o n a t i o n t r e n d w h i l e considerable number of the grano-
d i o r i t e and E s e n l i p o r p h y r i t i c a d a m e l l i t e analyses p l o t out o f the 90J^  
conf idence l i m i t s o f the l a t e magmatic s e r i e s . 
R-mode f a c t o r ainalysis has been used t o examine the o v e r a l l 
geochemical p a t t e r n o f the. i n t e rmed ia t e rocks . The complex p a t t e r n of 
c o r r e l a t i o n s among a l a r g e number o f v a r i a b l e s are reduced by t h i s 
method t o a s imp le r set o f r e l a t i o n s h i p s between severa l compound 
v a r i a b l e s , which are c a l l e d f a c t o r s . The computer program f o r the 
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Leucograni te E s e n l i 
P o r p h y r i t i c 
Adame l l i t e 
Granod io r i t e £hieksan 
P o r p h y r i t i c 
Adamel l i t e 
Adamel l i t e 
A1203 X X LOW X X 
X- X X X X 
MgO X X X X X 
CaO X X X X X 
NagO HIGH X X X X 
KgO LOW HI(B ? HIGH X X 
T i02 X X ? HlGtt X X 
MnO X X X X X 
X X X X X 
Ba X X X X X 
Nb HIGH HIGH HIGH X X 
Z r X X . X X X 
Y HIC5i HICH HIGH X X 
Sr X X LOW X X 
Rb HIGH ? HIQi ? HIGH X X 
Zn X X X X X 
Cu X X X X X 
N i X X X X X 
Table 5.3 D i f f e r e n c e s o f the element l e v e l s o f the l e u c o g r a n i t e and 
i n t e r m e d i a t e rocks t o values o f the l a t e magmatic se r ies 
X means no s i g n i f i c a n t d i f f e r e n c e s 
.? means u n c e r t a i n t y 
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R-mode f a c t o r a n a l y s i s i s w r i t t e n and described i n d e t a i l by Reeves 
(1971)- The element a s soc ia t ions w i t h i n data sets are c l o s e l y revealed 
by u s i n g the promax ob l ique p r imary p a t t e r n ma t r ix (Hendrickson and 
White 1964). Six f a c t o r s are r e q u i r e d t o r e so lve 95 per cent of the 
data va r i ance and 62 per cent o f the var iance has been reso lved by two 
p r imary f a c t o r s : F1 and F2. The f a c t o r ma t r ix ( w i t h = 6 ) f o r 
these two pr imary f a c t o r s i s g iven i n F igure 5 .31. The elements shown 
i n the diagram have s i g n i f i c a n t loadings on the appropr i a t e f a c t o r s . 
S i has a p o s i t i v e l o a d i n g and the element group Fe, Mg, T i , Ga n e ^ t i v e 
l oad ings on f a c t o r F 1 . There fo re , f a c t o r PI may de f ine the degree of 
f r a c t i o n a t i c a i f o r the in t e rmed ia t e rock analyses. The s t r o n g l y l i t h o -
p h i l e elements, K and Rb, occupy the most negat ive end o f f a c t o r F2 and 
t h e c o n s t i t u e n t s of p l a g i o d a s e , Na and Ca, are loca ted i n the p o s i t i v e 
F2 f i e l d . Other elements p l o t near the c e n t r a l p a r t of the diagram. 
They thus have low load ings and t h e i r var iance i s c o n t r o l l e d by f a c t o r s 
o ther t h a n those shown. 
Fac tor scores f o r the analyses were ca l cu la t ed f o r these two 
f a c t o r s and are p l o t t e d i n F igure 5.32. They revea l c l u s t e r s cor res -
ponding t o rock types. The f a c t o r scores f o r the g i a n o d i o r i t e analyses 
are l o c a t e d i n the nega t ive F1 f i e l d as expected f rom the basic charac-
t e r of t h e g r a n o d i o r i t e . The analyses a l s o c l u s t e r towards negat ive 
scores f o r f a c t o r F2 where the l i t h o p h i l e elements are placed. Almost 
a l l the va r ious a d a m e l l i t e analyses p l o t i n the p o s i t i v e F1 f i e l d 
i n d i c a t i n g t h e i r s i m i l a r a c i d i c character . However, t h e r e are s t r i k i n g 
d i f f e r e n c e s i n t h e i r f a c t o r scores f o r the f a c t o r F2. The E s e n l i 
p o r p h y r i t i c a d a m e l l i t e analyses occur i n the nega t ive F2 f i e l d wh i l e 
the a d a m e l l i t e analyses f o n n a d i s t i n c t i v e group i n the p o s i t i v e F2 
f i e l d . The g r a r i o d i o r i t e and E s e n l i p o r p h y r i t i c ada ine l l i t e analyses 
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FIGURE 5.31:Proma3C oblique primary pattern matrix for 
the elements of the fineksan intermediate rocks. 
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(A) Adomellite 
(o) Emeksan porphyritic adamellite 
(•) Esenli porphyritic odamellite 
{x)GrQnodiorite 
FIGURE 5.32: P i c t o r scorea related to the factors shown i n 
Figure 5.31 for the analyses of the aaeksan Interoediate rocks. 
Clust e r s of the adamellite and granodiorite plus E s e n l i porphyritic 
adamellite are shown. 
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thus c o n s t i t u t e a b i g c l u s t e r which may r e f l i e c t t h e i r s i m i l a r pe t ro -
genesis . The reason f o r the separate group o f the a d a m e l l i t e analyses 
may be due t o the d i f f e r e n t rock type i n t r u d e d by the a d a m e l l i t e . 
Al though most o f the Emeksan p o r p h y r i t i c adamel l i t e analyses have p l o t s 
compatible w i t h those o f the a d a m e l l i t e , some, e s p e c i a l l y f rom the small 
s tock near Emeksan, c o r r e l a t e w i t h the E s e n l i p o r p h y r i t i c a d a m e l l i t e . 
This i s cons i s t en t w i t h the geographic p o s i t i o n of the Emeksan porphy-
r i t i c a d a m e l l i t e i n t r u s i o n . 
Appearance of K and Rb i n d i f f e r e n t c l u s t e r i n the f a c t o r analyses 
suggest t h a t the va r i ance o f K and Rb i s d i f f e r e n t between t h e rock 
types . This i s cons i s ten t w i t h the data der ived f rom the Barker 
diagrams. The d i f f e r e n c e s between the rock types may be due t o the 
a s s i m i l a t i o n ( o r contamina t ion) process. 
The capac i ty o f a f r a c t i o r a t i n g bas ic magma t o a s s i m i l a t e rocks 
of e x t e r n a l o r i g i n i s w i d e l y accepted i n p r i n c i p l e ( D i d i e r 1973). 
Theor ies , r e l a t e d t o l a r g e scale a s s i m i l a t i o n , which cause v a r i e t y 
igneous r o c k s , have, however, not been considered by many recent 
au thors . P i t c h e r (1978) has po in t ed out d i f f e r e n t degrees o f a s s i m i -
l a t i o n i n v a r i o u s p l u t o n i c rocks . A number o f r e p o r t s on the o r i g i n 
o f g r a n i t e b a t h o l i t h s r evea led i n the l a t e s t Geochemical Group meeting 
( i n L i v e r p o o l ) , have suggested t h a t the compositions of some ca lo -
a l k a l i n e . magmas are, t o a c e r t a i n ex ten t , mod i f i ed by upper c r u s t a l 
m a t e r i a l s ( e . g . I knkhur s t 1979, Thorpe and Francis 1979> Hawkesworth 
1979). Pba (1974) and Ikeda (1978) have shown t h a t g r a n i t i c rocks i n 
Japan have an i n t i m a t e c o r r e l a t i o n w i t h the country rocks which they 
i n t r u d e d . They f u r t h e r revea led the importance of the geo tec ton ic 
environment d u r i n g the ascent o f the magma on the a s s i m i l a t i o n process. 
There are severa l f a c t o r s a f f e c t i n g a poss ib le r e a c t i o n between 
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magna and i t s w a l l rocks . The l e n g t h o f t ime a v a i l a b l e f o r the r e a c t i o n , 
t h e v o l a t i l e s i n the magma or count ry rock , the canpos i t ion of the magma 
and a s s i m i l a t e d m a t e r i a l can be considered as the most impor tan t 
c r i t e r i a f o r such a r e a c t i o n . 
The l e n g t h o f t ime i s thought t o be s u f f i c i e n t f o r some r e a c t i c n 
between the i n t e rmed ia t e magna and c r u s t a l m a t e r i a l i n the Emeksan area. 
The i n t e r m e d i a t e rocks conta in . rounded x e n o l i t h s be l i eved t o be fonned 
by the a s s i m i l a t i o n process ( D i d i e r 1973). Furthermore the x e n o l i t h s 
a re no t j u s t l oca t ed near the i n t r u s i o n boundaries, but they are d i s t r i -
buted a l l over t h e i n t r u s i o n and d i s i n t e g r a t e d i n t o d o t s and xenocrys ts , 
e s p e c i a l l y i n the g r a n o d i o r i t e . The deep i n t r u s i o n l e v e l s of the i n t e i v 
mediate rocks compared t o the l a t e magmatic se r ies and poss ib le 
r e l a t i v e l y q u i t e t e c t o n i c environment du r ing e a r l y emplacements may 
p rov ide a l o n g c r y s t a l l i s a t i o n h i s t o r y . 
Thorpe and Francis (1979) have suggested tha t e a r l y b a t h o l i t h i c 
ma@nas, c o n t r a r y t o v o l c a n i c magpas, may i n i t i a l l y have been more 
hydrous o r have i n t e r a c t e d w i t h meteor ic water . The i n i t i a l m e l t i n g 
process preceeding i n t r u s i o n o f the in t e rmed ia t e rocks i n d i c a t e s a h i g h 
v o l a t i l e - environment i n the basement rocks . The water content of the 
magna may a l s o be r a i s e d by the breakdown of b i o t i t e (Brown and ?yfe 
1970). The composi t ion of the x e n o l i t h s i s the most important f a c t o r 
de t e rmin ing the type o f r e a c t i o n w i t h the magma. Thus Bowen (l956 
p . 191) concluded: 
"Summing up the r e s u l t of adding t o a l i q u i d var ious members of 
a s o l i d s o l u t i o n se r i e s w i t h which i t i s sa tu ra ted we f i n d t h a t , i f 
the added i n c l u s i o n , i s nearer the h i ^ temperature end o f the se r ies 
than the c r y s t a l s w i t h which the l i q u i d i s sa tu ra ted , the r e a c t i o n i s 
such as t o decrease the amount o f l i q u i d and i s exothermic. I f the 
179 
i n c l u s i o n i s nearer the low-temperature end of the se r i e s than the 
c r y s t a l s w i t h which the l i q u i d i s sa tu ra ted , the r e a c t i o n i s such as 
t o increase s l i g h t l y the amount of l i q u i d and i s endothermic. The 
l i q u i d , t o o , i s enr iched i n t h i s case i n the cons t i t uen t s of the low-
temperature end of tbs c r y s t a l l i s a t i o n s e r i e s . " 
A c c o r d i n g l y chemical d i f f e r e n c e s o f the va r ious in te rmedia te 
rocks t o the f r a c t i o n a t i o n t r e n d may be expla ined by the k i n d o f 
c r u s t a l m a t e r i a l they c a r r y . The b a s a l t i o - a n d e s i t i c x e h o l i t h s cannot 
be d i s so lved i n the a d a m e l l i t e l i q u i d . Thus the chemical canpos i t i cn 
o f the a d a m e l l i t e was not m o d i f i e d t o a great ex ten t . The quar tz -mica-
f e l d s p a r s c h i s t s on the o ther hand may supply components o f f e l s i c 
magmatic l i q u i d s t o the g r a n o d i o r i t e and Esen l i p o r p h y r i t i c a d a m e l l i t e . 
The K20/Na20 r a t i o o f the igneous rocks gene ra l ly increases w i t h 
the process o f a s s i m i l a t i o n (Mehnert 1968, Ikeda 1978). Breakdown o f 
muscovite and b i o t i t e may prov ide a l i q u i d which i s g r e a t l y enr iched i n 
potassium and r u b i d i u m (McBirney 1979). The l i t h o p h i l e element conten ts . 
o f the g r a n o d i o r i t e and E s e n l i p o r p h y r i t i c adame l l i t e are t h e r e f o r e h igh 
compared to those l e v e l s expected f r o m normal f r a c t i o n a l c r y s t a l l i s a t i o n . 
C e r t a i n t r a c e elements may prov ide a s e n s i t i v e measure o f a s s i m i -
l a t i o n (McBirney 1979). The h i ^ f i e l d s t r e n g t h elements, Nb, Zr and Y, 
have low d i f f u s i o n r a t e s and t h e r e f o r e t h e i r l e v e l s i n the rock may 
i n d i c a t e the degree of a s s i m i l a t i o n . The Hb and Y concentra t ions o f the, 
g r a n o d i o r i t e and E s e n l i p o r p l y r i t i c adame l l i t e sLre h i ^ r e l a t i v e t o 
those o f the l a t e magnatic s e r i e s and are gene ra l ly compatible w i t h 
those o f the basement r o c k s . This i s cons is ten t w i t h the a s s i m i l a t i o n . 
model proposed f o r these in t e rmed ia t e rocks . Because z i r c o n does not 
en t e r the f i r s t melt (Busch e t a l . 1974)» Zr l e v e l s of the g r a n o d i o r i t e 
and Esemli p o r p h y r i t i c a d a m e l l i t e remain w i t h i n the confidence l i m i t s 
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of the f rac t iona t icm trend. 
Hornblende and b i o t i t e crystals i n the strongly contaminated 
rocks show react ion re la t ionships (Larsen and Poldervaart 1961). Such 
a react ion i s observed i n a l l intermediate rock types at Elneksan. 
B i o t i t e c r y s t a l l i s a t i o n , a f t e r hornblende, common i n the various 
adamellites. Although the hornblende i s usually seen i n the adamel-
l i t e and'Emeksan porphyr i t i c adamellite as a r e l i c t mineral or as a 
primary phase, i t i s very rare in the Esenli porphyr i t ic adamellite. 
The b i o t i t e of the schists i s replaced by hornblende i n the d o t s 
i n the. granodiori te . Hornblende has also c rys ta l l i sed as a primary 
phase. The presence of idiomorphic hornblende crystals enclosed by 
plagioclase strongly favours early c r y s t a l l i s a t i o n of the former. 
Experimental work by various authors (P iwinsk i i 1973 and Robertson and 
Wyl l ie 1971 i n Luth 1976) has demonstrated that the sequence of 
c r y s t a l l i s a t i o n of plagioclase, quartz, hornblende and b i o t i t e from 
g r a n i t i c l i q u i d s depends strongly on both pressure and water content 
of the bulk composition. The c r y s t a l l i s a t i o n sequence of granodiorite 
i n the presence of a vapour phase i s reported as fo l lows: 
" b i o t i t e + hctmblende—» + magnetite—• + plagioclase-* 
+ dinopyroxene-* + K-feldspar-^ + quartz" 
Other petrographie evidence i n the Emeksan granodiorite supports early 
b i o t i t e and l a t e K-feldsparfquartz c r y s t a l l i s a t i o n r e l a t i ve t o the 
plagioclase. 
Some of the content of the granodiorite has been used up by 
the ear ly c r y s t a l l i s a t i o n of hornblende. Hornblende i s the primary 
coloured mineral i n the granodiorite and i t s modal amount i n the 
studied, samples ranges frcm 4 to 10 per cent. This amount i s high 
r e l a t i v e to normal granodiorite (e.g. i n the granodiorites of southern 
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Ca l i fo rn ia i t ranges between 1-6 per cent (Larsen 1948). Unless 
addi t ional Ca was brought i n to the system, only the remaining Oa can 
form plagiddase . Thus the modal and normative amounts of plagioclase 
i n the Emeksan granodiori te are r e l a t i v e l y loser than f o r t y p i c a l grano-
d i o r i t e (Streckeisen 1976). The low concentrations of AlgO^, Sr and 
s l i ^ t l y low Na i n the granodiori te , r e l a t i v e t o the f r ac t i ona t i on 
t rend of the l a t e magmatic series, may thus be explained by the early 
and h i ^ amount of hornblende c r y s t a l l i s a t i o n compared to the plagio-
clase. The high Ga/Sr r a t i o s of the granodiorite analyses r e l a t ive to 
the andesite porphyry and various adamellites i n Figure 5.25a may also 
support a high r a t i o of hornblende t o feldspar i n the granodiorite 
(Mason 1966). Wolhuter ( l973) has revealed that contaminated g r an i t i c 
rocks have d i s t i n c t i v e l y higher fe/Sr r a t i o s than normal g r an i t i c rocks. 
The composition of the o r ig ina l magma i s an important fac tor 
determining the type of c r y s t a l l i s a t i o n governed by phase re la t ions . 
Hornblende does not appear to be stable i n the Esenli porphyr i t i c 
adamelli te; Therefore Al^OJ,Sr and T i levels of the Esenli porphyr i t ic 
adamellite do not correlate w i t h the granodiori te , although both rocks 
have been ccaataminated wi th s imi lar mater ial . 
Considerable number of granodiori te and Esenli porphyr i t ic 
adamellite analyses p l o t t i n g out of the 90^ confidence l i m i t s of the 
normal d i f f e r e n t i a t i o n trends i n the Barker diagrams, d i f f e r e n t clusters 
of various intermediate rocks i n the fac tor analyses and theories on the 
ass imi la t ion process are i n favour of involvement of the quartz-mica-
feldspar schists i n the o r i g i n of the granodiori te and Esenli parphyri-
t i c adamell i te . Further, work on t h i s subject may be desirable but i t 
i s out of the context of the present work. 
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I n conclusion, most of the element levels of the intermediate 
rocks closely correlate wi th the computed l i n e which represents the 
f r a c t i o n a t i o n trend of the calo-alkal ine mgna i n the area. The 
chemistries of these rocks are therefore l a rge ly control led by crystal 
f r a c t i o n a t i o n . However, some elements d i f f e r from the trend which i s 
interpreted as a resul t of contamination by appropriate materials of 
the continental crust during or jus t before emplacement. 
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CHAPTER SIX 
ORE MINERALISATION 
6 . 1 . , In t roduc t ion 
The Pontids have been considered as a part of the major Alpine 
b e l t extending from the Carpathians to southeastern Asia. The ore 
deposits i n the be l t are generally associated wi th the t h o l e i i t i c and 
calc-a lkal ine magmatic rocks developed i n a complex island-arc environ-
ment (JajQkovic 1977). They include massive sulphide deposits, manganese 
deposits, Cu-Pb-Zn-bearing veins, porphyry Cu-Mo deposits and skam type 
minera l i sa t ion . Although deposits show s imi la r features throughout the 
b e l t , t h e i r d i s t r i b u t i o n varies s i g n i f i c a n t l y . For example massive 
sulphide deposits are widely d i s t r ibu ted w i t h i n the Pontids while 
extensive porphyry Cu-Mo deposits are found i n the L i t t l e Caucasus, and 
i n I ran , ,. 
Massive sulphide deposits i n the Pontids occur i n the upper part 
of the t h o l e i i t i c . Lower Volcanic qycle, i n the d a c i t i c - r h y o l i t i c lava, 
t u f f and breccia formation. Tugal (1969) and Egin (1978) have shown that 
these deposits bear close resemblance t o the Japanese Kuroko ores. 
Stockwork and disseminated ore i n the lower part of the deposits mainly 
consist of p y r i t e , chalcopyrite and quartz. Strata-bound, l en t i cu l a r , 
massive ore generally contains sphaleri te , d ia lcopyr i te , py r i t e , galena 
and various sulphosalts i n a quartz and bar i te gangue. The t u f f s which 
cap the massive ore include discontinuous ba r i t e lenses near the ore, 
and hematite, goethite and Mn-oxide or hydroxide a t higjier levels . 
EgLn has indica ted that dome-shaped rhyo l i t e s , wi th a h i ^ e r d i f f e r e n -
t i a t i o n index than the other re la ted volcanic rocks, are closely associa-
ted w i t h the occurrence of the ore deposits. The rocks both underlying 
and over ly ing the hos t -uni t are unmineiralised. The manganese deposits 
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occur i n the same part of the s t i a t i g r aph ic series as the massive su l -
phide deposits. They are associated wi th cherty sediments and are 
sometimes found nodular (Koprivica 1976). 
Same authors, however, would contest the syngenetic fonnations of 
some of the massive sulphide deposits of the Pontids. Tugal (1969) has 
pointed t o the penetration of mineralised veins in to the hanging-wall, 
and the presence of ore minerals and exsolution textures which are 
i nd i ca t ive of a r e l a t i v e l y h i ^ temperature of ore formation. Akinci 
(1974) has shown that the sulphide mineral isat ion at Bulancak i s control-
l e d by ce r t a in f r ac tu re trends. He has emphasised the occurrence of the 
rare sulphide and sulphasalt minerals, betekht in i te , i d a i t e , digenite 
and a i k i n i t e i n add i t ion to the ccamnon Cu-Pb-Zn minerals. Near the 
eastern contact of the Emeksan in t rus ive rocks, several Pb-Zn veins 
enriched i n Ag (74.66g/t) and i n Au ( 8 g / t ) are recorded i n dac i t i c 
t u f f s and lavas of Upper Cretaceous age (Kamitani et a l . 1977). 
One of the world's biggest porphyry Cu-Mo deposits, Sar Cheshmeh 
(450 m i l l i o n ton 1.13^ Cu 0.03fo Mo), has been found by recent geological 
inves t iga t ion i n I r an (Waterman and Hamilton 1975). The ore i s associa-
ted w i t h a l a t e Ter t i a ry granodiorite porphyry stock which, i s cut by a 
series of genet ica l ly re la ted in t rus ives , and post-mineralisation dykes. 
The copper-molybdenum deposits of the L i t t l e Caucasus are confined to 
the Miskhan-Zangezur alpine gean t ic l ina l zone which contains fragnents 
of a pre-Alpine median massif (Smirnov 1977). The ore mineralisation 
mostly occurs i n small, h igh- level in t rus ives of granodiori te , quartz-
monzonite, grani te and grani te porphyry whidi were emplaced i n Oligocene 
and Miocene period (Laznicka 1976). The Cu-Mo deposits of the L i t t l e 
Caucasus have many s i m i l a r i t i e s to the t y p i c a l porphyry deposits of the 
southwestern United States. The deposits are generally of stockwork 
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type w i t h unevenly d i s t r ibu ted mineral isat ion. They are often related 
to nor thwes te r ly - s t r ik ing f a u l t s . K-feldspar and b i o t i t e a l t e r a t i on most 
f requent ly accompany the mineral isat ion. Associated in t rus ive rocks are 
of ca lo-a lkal ine character. The Mo content of the Caucasian porphyry 
deposits i s h i ^ e r than that of other CXi-Mo porphyries being sometimes 
more than h a l f the Cu content. 
Superceanu (1971) has discussed several porphyry Cu-Mo deposits 
from the Carpathians, on the northern side of the Alpine orogenic b e l t . 
The ma jo r i ty of the ore deposits are control led by marginal f ractures . 
The minera l i sa t ion i s associated w i t h the la te phases of granodior i t ic 
in t rus ives and pyrmetasomatic Pe, Cu, Mo, W and B i mineral isat ion 
conmonly accompanies the porphyry Cu-Mo deposits. 
The presence of porphyry Cur-Mo deposits i n neighbouring areas has 
l e d to explorat ion f o r s imi la r deposits i n Turkey, the eastern Pontids 
being considered one of the most promising explcxration targets (Ovaliogla 
1974). The i n t e r i o r of the Pontids has not yet been extensively studied 
but Cu-Mo deposits at Bakircay and Ulutas, i n the western and eastern 
part of the eastern Pontids, indicate the presence of porphyry-type 
minera l i sa t ion i n the area, Pejatovic ( l 9 7 l ) states that the host rocks 
and mode of mineral isa t ion i n these deposits resemble those of the 
L i t t l e Caucasus, except f o r a lower a l t e r a t i c n of the i r host rocks. 
Taylor and Fryer (1980) have re la ted the porphyry mineral isat ion i n the 
'Pontids to quartz-monzonite porphyry .granodior i te porphyry and more 
f e l s i c in t rus ions . They have attempted .to d is t inguish the deposits 
according t o l e v e l of exposure. Bakircay would thus represent the 
deeper parts of a v e r t i c a l column of porphyry-type mineral isat ion, as 
described by Lowell and Guilbert (1970), whereas- Ulutas would be more 
t y p i c a l of the apical regions of such a column. The United Nations work 
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on Bakircay has shown that some mineral isat ion is of skam type but dia^-
mond d r i l l i n g f a i l e d to prove economic mineral isat ion except at depths 
greater than 15Qn. 
6.2. Bneksan area. 
The ore mineral isa t ion i n the Emeksan area generally occurs as 
veins and ve in l e t s , the ore-forming minerals being r e s t r i c t e d t o certain 
areas. The main ore minerals i s molybdenite although py r i t e , the most 
abundant sulphide mineral , of ten accompanies the molybdenite. Chalco-
py r i t e and other copper sulphides are present, but only i n very low 
amount i n the area, while veins enriched i n base metals are found some 
distance away from the intensive Mo-mineralisation. Quartz i s the 
primary gangue mineral of the veins. I t i s sometimes associated wi th 
K-feldspar, b i o t i t e , s e r i c i t e , kao l i n i t e and ch lo r i t e . 
The ore mineral isa t ion i s re la ted to the porphyr i t i c and f i n e -
grained, a c i d i c i n t ru s ive rocks. I t i s located i n the apical parts of 
the in t rus ions but also inside the in t rus ive bodies. Faults, running 
approximately N-S, seem to have par t ly control led the sulphide mineral i -
sat ion while j o in t s and f ractures created by the repeated intrusions 
have also served as sui table places f o r mineral isat ion. 
flydrothermal solutions have caused varying degrees of a l t e r a t i on 
i n the host rocks. The mineral isat ion i s widely associated wi th p h y l l i c 
a l t e r a t i o n which i s generally accompanied by a r g i l l i c a l t e r a t i o n and 
sometimes overlaps potassic a l t e r a t i on . Although p r o p y l i t i c a l t e r a t i on 
surrounds the ore mineral isa t ion, i t i s unsystematically d is t r ibuted i n 
the area. 
6.3. Description of the mineral isat ion. 
Veins carrying sulphide mineral isat ion are widespread i n the 
Emeksan area. (F ig . 6.1) but because of poor exposure they are mostly 
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observed i n stream sections and to a l i m i t e d extent i n road sections. 
Zones of the py r i t e and molybdenite mineralisations can be roughly shown 
as i n Figure 7.2. The mode of mineral isat ion from d i f f e r e n t parts of the 
area shows d i s t i n c t i v e features. 
6 . 3 . 1 . Minera l i sa t ion i n Esenli dere. 
The molybdenum mineral isa t ion i n Esenli dere occurs i n the centre 
and upper parts of the stream. I t i s found i n porphyr i t i c adamellite, i n 
contaminated leucogranite, and pa r t l y i n the quartz-feldspar-mica schists. 
Intensive a l t e r a t i o n and mineral isa t ion are seen i n the central part of 
Esenl i dere, immediately to the east of the major N-S f a u l t (F ig . 6 .2) . 
The o r i g i n a l texture of the porphyr i t i c adamellite i s destroyed a t 
the centre of the mdjieralisation (PLate 6 . l ) . The o r i g i n a l constituents 
of the rock are replaced by f ine-grained quartz and K-feldspar (O. 05-
1mm). The t y p i c a l f lesh-coloured phenocrysts of the f r e sh rock (Plate 
4.3) are no longer evident or are smaller and rare. The al tered rock i s 
unusually l i ^ t coloured. Several quartz grains may sometimes form large, 
more or less rounded ' c r y s t a l s ' up to 5«m i n diameter. The plagioclase 
content i s very low r e l a t i v e to the f resh rock. Aggregates of b i o t i t e 
replace the o r i g i n a l mafic minerals while small secondary b i o t i t e crys-
t a l s are also scattered throughout the f i n e grained quartz and K-feldspar 
matr ix . I*yrite and s e r i c i t e occur i n small amount. 
Se r ic i t e becomes more important both upstream and downstream. 
Feldspars and mafic minerals i n the po rphyr i t i c adamellite are almost 
completely replaced by s e r i c i t e and clay minerals. Ser ic i te replaces 
the K-feldspar phenocrysts and appears as white shiny spots, (Plate 6 .2) . 
The clay minerals are very s o f t and a creamy, pale-green i n colour. X-
ray studies indicate that they are k a o l i n i t e . Quartz occurs as granular 
aggregates or ve in le t s . Fractures and pores are occasionally f i l l e d by 
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Plate 6 . 1 : Esenli porphyr i t i c adamellite showing potassic a l t e r a t i on . 
Plate 4.3 shows the unaltered rock. 
Plate 6.2: Esenli porphyr i t i c adamellite showing p h y l l i c a l t e r a t i on . 
191 
orange t o br ight yellow coloured a l t e r a t i o n minerals. The se r i c i t e and 
k a o l i n i t i c a l te ra t ions i r r e g u l a r l y overlapping each other i n the area 
were developed i n some rocks previously af fected by the above a l t e ra t ion . 
The a l t e r a t i o n i s least d i s t i n c t i v e i n the outer part of t h i s zone. 
A type of a l t e r a t i on which i s not confined to the immediate 
v i c i n i t y of the ore mineral isat ion but i s more widespread i n the area 
involves the replacement of b i o t i t e and hornblende, along cleavages by 
c h l o r i t e . Carbonate minerals and less commonly epidote are also 
present as secondary minerals. Pyr i te veins are widely d is t r ibuted i n 
t h i s zone. 
The a l t e r a t i o n pattern described above has nany features s imi l a r 
t o those normally associated w i t h porphyry-type mineral isat ion. 
According to Lowell and Gailbert ( l 970 )» . t he a l t e r a t i o n types can be 
c l a s s i f i e d from centre outwards as potassic, p h y l l i c and a r g i l l i c and 
f i n a l l y p r o p y l i t i c . Lowell and Guilbert have described the potassic 
zone as being characterised by the in t roduct ion, or r ec rys t a l l i s a t i on , 
of K-feldspar and b i o t i t e , w i th minor s e r i c i t e . R i y l l i c a l t e ra t ion 
refers t o the assemblage quar t z - se r i c i t e -pyr i t e , wi th less than 5^ 
k a o l i n i t e , b i o t i t e or K-feldspar. The a r g i l l i c and p r o p y l i t i c zones 
are represented by the assemblages quartz-kaol ini te-montmori l loni te-
c h l o r i t e - b i o t i t e and ch lor i te -ca lc i te -ep idote-adular ia -a lb i te , 
respect ively. 
The inner par t of the potassic a l t e r a t ion zone i n Esenli dere 
carries l i t t l e ore mineral isat ion other than a few Mo-veinlets. The 
main molybdenum minera l i sa t ion occurs i n the p h y l l i o - a r g i l l i c zone, but 
overlaps the potassic zone. I t occurs as veins and veinle ts , d i s s ^ i n a -
ted i n the rock, and as coatings on j o i n t surfaces. The veins are 20-
50 cm wide and "usually oriented i n the N-S d i r ec t ion wi th high dips. 
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The gangue minerals are K-feldspar and quartz, the former usually being 
a l te red to s e r i c i t e or k a o l i n i t e . The host-rock i s s trongly altered ' 
near the veins and sometimes carries ore mineral isat ion i n i r r egu la r 
ve in le ts or as disseminated grains. Acidic dyl^ es and blocks of f i n e -
gra in size are widespread i n the area, they are several cm t o a few m 
wide. Some of these f ine-grained rocks occurring i n the p h y l l i c -
a r g i l l i c zone have the highest disseminated molybdenite contents. The 
molybdenite grains i n these dykes are less than 1 mm to over 1 can i n 
diameter (Plate 6 .3) . They are sometimes surrounded by yellow secondary 
mineral while s i m i l a r a l t e r a t i o n products are observed on fractures i n 
and near the mineralised area. Minor pyr i t e and ciialcopyrite are 
in t imate ly associated w i t h the molybdenite. Although no breccia dykes 
are recognised i n the Ekneksan area, p y r i t e usually shows brecciat ion i n 
these veins where i t i s accompanied by other sulphide minerals. 
The closely spaced N-S extending p y r i t e veins border the molyb-
denum mineral isa t ion to the west. Further west (around sample 252), 
quartz molybdenite and py r i t e occur i n R-S f a u l t s and i n randomly 
oriented f ractures i n a 1 5 m wide zone ind ica t ing a stockwork-type of 
minera l i sa t ion . This area i s again extensively s e r i c i t i z ed and kaol in -
ized ( H a t e 6 .4 ) . Carbonate minerals are present around the area, i n 
addi t ion to other a l t e r a t i o n products. 
Further downstream, to the west, molybdenite and p y r i t e bearing 
veins are sparsely d i s t r ibu ted i n the s l i ^ t l y al tered porphyr i t ic 
adamelli te. About 1 km from the main mineral isat ion veins including 
molybdenite, chaicopyrite and py r i t e occur i n two areas (F ig . 6 .1) . The 
veins are a few cm wide and occur i n 5-10 m wide zones. Phy l l i c and 
a r g i l l i c a l t e r a t i o n are c losely associated wi th the veins and some 
j o i n t s are f i l l e d by ore mineral isa t ion. The occurrence of molybdenite 
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Plate 6.3: Disseminated molybdenite i n p h y l l i o - a r g i l l i c al tered 
K-fe ldspar-quar tz-b io t i te veins. 
Plate 6.4: P h y l l i o - a r g i l l i e a l t e r a t i o n i n Esenli dere. 
on j o i n t s and fractures can also be seen i n other areas, f o r example 
around sample 556 and between samples 557-558 i n Esenli dere, and around 
566 i n a southern t r i b u t a r y . They occur i n 10 m wide zones and show 
p r o p y l i t i c a l t e r a t i o n of the host rock. 
I n an area approximately 350 m east of the major f a u l t , between 
samples 503-504, a 5 can wide molybdenite-pyrite-quartz vein cuts the 
po rphy r i t i c adamellite. The ore mineral isat ion penetrates in to the rock 
f o r 30 to 50 cm from the ve in . I t also occurs on the j o i n t faces around 
the vein over a distance of about 10 m. The host rock shows p r o p y l i t i c 
a l t e r a t i o n w i t h some development o f k a o l i n i t e . 
Further east i n upper Esenli dere, the ore mineral isat ion occurs 
i n veins from a few cm to over 1 m wide. The veins have variable s t r i ke 
and generally dip at low angles. I n these veins the molybdenite is 
almost inva r i ab ly accompanied by quartz and sometimes se r i c i t e , pyr i te 
may be present, but no copper sulphide minerals were recognised. I n the 
veins the molybdenite cha rac te r i s t i ca l ly occurs as t h i n ( l - 5 mm), closely 
spaced laminae and as scattered to concentrated f i n e grains which make 
the ve in dark coloured. The ind iv idua l molybdenite grains occasionally 
reach 1 cm i n diameter. The rock adjacent to the veins shows varying 
degrees of a l t e r a t i o n to s e r i c i t e and k a o l i n i t e , i n 1-2 m wide zones. 
Around sample 520, the contaminated leucogranite contains higher amounts 
of quartz and K-feldspar compared to other samples. This may be an 
ind i ca t i on of potassic a l t e r a t i o n but i s d i f f i c u l t t o prove since the 
composition and texture of the contaminated leucogranite d i f f e r s over a 
wide ' range. 
l y r i t e veins, inc luding quartz, are abundant i n the uppermost part 
of Esenii dere, and s imi lar sulphide veins, without molybdenite minera-
l i s a t i o n , are observed i n the northern branches of the stream. A pyr i t e 
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by X - r a y d i f f r a c t i o n , i s found i n cav i t i e s near the ve ins . The fractures 
are sometimes coated by a yellow a l t e r a t i o n mineral. 
Downstream, i n a south-westerly d irec t ion towards Emeksan, pyri te 
increases and molybdenite disappears. I n t h i s area pyri te occairs i n 
several veins and disseminated i n the granodiorite at concentrations 
from 2 to 5 pejc cent. I t i s replaced by quartz, chalcopyrite and 
enargite and Cu contents r i s e to 0.05^ i n the rock. S i m i l a r l y , east-
wards i n the upper part of the eastern branch of the stream (sample 028), 
two pyr i t e veins (50 cm and 5 cm wide) contain considerable dialcopyrite 
and enargite , Cu concentrations reaching 3 per cent. The d i s tr ibut ion 
of these sulphide minerals around the porphyri t ic adamellite stock i s 
thus consistent with the ncrmal pattern of mineral zoning around porphyry-
type ore deposits , molybdenite increas ing and copper decreasing towards 
the centre of the deposits (Lowell and Guilbert 1970, Smirnov 197?). 
T h e ' l i ^ t colour of the rock and the high topographic slopes 
around the Mo-mineralisation have already been figured i n CJhapter 2 
i' 
(Plate 2 , 8 ) . These features r e s u l t from the kao l in i sa t ion and high 
fractuinj ig of the area. I n the stream bed, the exposures show l e s s 
a l t e r a t i o n with strong s e r i c i t i s a t i o n and kao l in i sa t ion being confined 
to 0.5 m wide zones around the sulphide veins and some f a u l t s . The 
groundmass of the porphyri t ic adamellite i s f ine grained but shows no 
replacement textures other than the development of a small ajuount of 
ch lor i t e and s e r i c i t e . Hornblendes i n the p y r i t i s e d granodiorite are 
t o t a l l y replaced by b i o t i t e and there i s strong s e r i c i t i s a t i o n and 
c h l o r i t i s a t i o n associated with the chalcopyrite ve ins . 
6 . 3 . 3 . Mineral i sat ion i n Koyyeri dere 
Kdyyeri dere i s located between the two highly mineralised areas 
of E s e n l i dere and Emeksan. The deposits are arranged i n a zone whose 
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extension i s consistent with the NM s t r i k e s of the majority of the 
molybdenite ve ins . 
The ore minera l i sa t ion i n Koj^er i dere i s re lated to a micro-
granite and granite poiphyry intrus ion and i s distr ibuted over a wide 
area. 
i n the upper stream, Mo-bearing quartz veins occur i n and around 
the microgranite in trus ion where i t i s i n contact with granodiorite. 
The veins vary i n width from several cm to a few m. In places a l l 
fe ldspars i n the host-rock are kaol inised but s e r i c i t i s a t i o n i s only 
important around the veins . 
I n lower Koyyeri dere, to the west the rock has a porphyrit ic 
texture and i s cut by f ine-grained quartz and K-feldspar veins (5-10 cm 
wide), i n a 50 m wide zone. These veins are sometimes associated with 
molybdenite and minor p y r i t e . I n addit ion, the Cu-sulphide iainerals 
chalcopyrite , enargite, te trahedri te- tennant i te , cove l l i t e and a small 
brown-pinkish i s o t r o p i c mineral (bornite) were ident i f i ed i n polished 
sect ions . Seme molybdenite mineral i sat ion a l so occur on the j o i n t 
planes. , 
A southern t r ibutary of Koyyeri dere carr i e s molybdenite in 
several quartz -K-fe ldspar veins (about 5 cm wide) s i tuated around the 
raicrogranite-granodiorite contact (sample OI9). S imi lar veins occur i n 
two areas fur ther westwards from the contact. I n these veins s e r i c i t e 
replaces K- fe ldspar . 
Galena, spha ler i t e and chalcopyrite-bearing veins are distr ibuted 
around.the microgranite-granite porphyry in trus ion , broadly enveloping 
the Mo-mineralisation, I n addition to quartz and pyr i te , s e r i c i t e and 
c h l o r i t e are present i n these veins . 
The microgranite shows p h y l l i c a l t e r a t i o n in many areas around 
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Koyyeri dere and Kucukkiran tepe. Rock samples taken from these areas 
contain considerable molybdenum, exceeding 0.1^ i n some cases. Vein 
minera l i sa t ion has however not been observed probably due to poor 
exposure. 
6 , 3 . 4 » Minera l i sa t ion in other areas 
Several molybdenite veins occur i n Tekmezar dere. I n the upper 
parts of t h i s stream, molybdenite i s found i n a near-horizontal quartz 
vein i n the granodiorite ( F i g . 6 . 1 ) . Although the thickness of the vein 
var i e s up to 1.5 m the Mo-mineralisation i s r e s t r i c t e d to a 20 cm wide 
zone near the wal l rock, which shows p r o p y l i t i c a l t era t ion and some 
k a o l i n i s a t i o n . Other veins found downstream are smaller varying from 
2 to 20 cm i n width. They a l so contain pyr i te , chalcopyrite and enargite. 
These veins show strong s e r i c i t i s a t i o n and kao l in i sa t ion . Disseminated 
pyr i te and chalcopyrite occur i n a 2 m wide, f ine-grained quartz-K-
feldspar v e i n which returns over 0.^'fo Cu. A p l i t i c dykes frequently cut 
the granodiorite near the minera l i sa t ion i n Tekmezar dere. 
Yarorman dere (P ig . 7«2) extends i n the same NM direct ion as much 
of the ore minera l i sa t ion , but despite t h i s , and widespread a l terat ion 
and f r a c t u r i n g , molybdenite mineral i sat ion has not been recorded i n t h i s 
southeastern part of the area . P / r i t e i s , however, widespread in 
Yarorman dere, as veins and l o c a l l y as disseminations sometimes con-
ta in ing lip to 0.1 per cent molybdenum and copper. S imi lar , but l e s s 
extensive pyr i t e veins occur i n other streams i n the Emeksan porphyri t ic 
adajnel l i te . The lack of ore mineral i sat ion may be re lated to the deep 
erosional l e v e l which i s par t ly due to the major northwards-inclined, 
normal fau l t extending E-W near Emeksan. I n upper Yarorman dere (around 
sample 102) the adamellite i s altered over a wide area. Feldspars are 
completely replaced by k a o l i n i t e , and mafic minerals by chlor i te . The 
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a l t e r e d rock contains v e i n l e t s and disseminations (around 4?^) of pyr i t e . 
Copper, up to 0. 089^  a l so occurs. S imi lar a l t e r a t i o n and mineral isat ion 
was a l s o recorded i n the p y r o c l a s t i c rocks near the adamellite contact, 
X-ray f luorescence ana lys i s giving s i m i l a r copper l eve l s i n two areas 
whereas p y r i t e contents are near ly double i n the a l tered pyroc las t i c 
rocks. The a l t e r a t i o n and minera l i sa t ion seem to be continuous between 
these two areas but rough topogiaphy has prevented a detailed study. 
6.4. Summary 
Molybdenum, almost always in the form of molybdenite, i s found i n 
various c lasses of ore deposit, and i s c h a r a c t e r i s t i c a l l y associated 
with the l a t e products of magmatic c r y s t a l l i s a t i o n . I t i s associated 
with grani tes , syenites and the pegmatitic, pneumatolytic and hydro-
thermal products of magnas. Yokes (1963) has described a number of 
pegmatitic veins i n the Canadian C o r d i l l e r a , containing molybdenite, 
b e i y l , tourmaline and pyr i te together with rare chalcopyrite, bismuthi-
n i t e , nat ive bismuth, f l u o r i t e , apat i te and schee l i te . Molybdenite a lso 
occurs i n the pneumatolytic products of magmas, e s p e c i a l l y when the 
pneumatolysis involves v o l a t i l e f luorine compounds. Such deposits, 
associated with c a s s i t e r i t e and bismuthinite, are found in the Norwegian 
Erecambrian granites ( i n Goldschmidt 1954)* Assemblages of t i n , 
tungsten, f l u o r i t e , t a n t a l i t e and molybdenite were reported from the 
non-orogenic r i n g complexes i n Nigeria , Egypt and Sudan ( V a i l and Kuron 
1978)« Molybdenum i s a lso present i n a number of skarn deposits in 
Canada where i t i s often found i n assoc ia t ion with chalcopyrite 
(Soregarol i and Sutherland Brown 1976). Although the molybdenum i s 
widely d i s t r ibuted i n these deposits only a few of them contain mineable 
ore concentrations. The so -ca l l ed porphyry deposits are the primary 
source of molybdenum. General features of these porphyry deposits and 
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the ore minera l i sa t ion i n the Ekneksac area are s i m i l a r , as summarised 
below. 
The porphyry deposits are defined as " . . . pervasive primary 
minera l i sa t ion sparse ly d i s tr ibuted i n f rac ture or ve in le t stockworks, 
brecc ias or disseminations that are i n t i n a t e l y associated with f e l s i c 
plutons which almost invar iab ly display porphyri t ic texture to sane 
degree. Minera l i sa t ion and a l t e r a t i o n are d i s tr ibuted i n e i ther in trus ive 
porphyry or host rocks i n zonal patterns re lated to the in trus ive 
a r d i i t e c t u r e . " (Sutherland Brown 1976 p .44)« These deposits are 
c h a r a c t e r i s t i c a l l y of large s i z e and low grade. Molybdenum i s the by-
product element of many pojTphyry Cu deposits but forms the p r i n c i p a l ore 
mineral i n porphyry Mo or stockwork Mo deposits. Both types of deposit 
exhibit many common features , although a r e a l d i s t r ibut ion , age of 
formation, and composition of the host igneous rocks of the two types 
of deposit are somewhat d i f f e r e n t ( C l a r k 1972» Laznicka 1976). Porphyry 
Mo deposits occur i n e n s i a l i c volcano-plutonic be l t s , are r e l a t i v e l y 
yainger, and are associated with more a c i d i c magmatic rocks than por-
phyry Cu deposits . 
The porphyry ore deposits are t y p i c a l l y re la ted to the i n t e r -
mediate to a c i d i c products of ca lo -a lka l ine i n t r u s i v e s which were 
emplaced into shallow depths of the crust . The l a t e and a c i d i c phases 
of the Emeksan c a l c - a l k a l i n e i n t r u s i v e rocks, the porphyrit ic adamellite 
and microgranite ( inc lud ing granite porphyry), are the host i n t r u s i v e 
rocks of .the Mo-mineralisation. The absence of Mo-mineralisation near, 
or i n , the leucogranite , the e a r l i e s t and most a c i d i c intrusion, may be 
re la ted to the der ivat ion of the l eucograni t i c magma from the basement 
rocks, .which i s very poor i n molybdenum. The absence of molybdenum 
minera l i sa t ion may support the conclusion that t h i s rock i s not derived 
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by f rac t ionat ion from a basic-intermediate magma (Stavrov 1971)• Molyb-
denite ve ins i n the contaminated leucogranite were probably introduced 
from the porphyr i t i c adamell ite, as were those i n the granodiorite near 
Emeksan. Since the mode of occurrence of the veins in the two areas i s 
s i m i l a r . The evidence suggests that the source of molybdenum nay be 
re la ted to the generation and fract ionat ion of the ca lo-a lka l ine magma. 
The porphyry deposits display c h a r a c t e r i s t i c a l t era t ion and 
minera l i sa t ion zoning patterns as described by Lowell and Guilbert 
(1970) and John (1978 )• Hydrothermal a l t e r a t i o n var ies from potassic 
i n the centre, outwards t h r o u ^ p h y l l i c , a r g i l l i c and p r o p y l i t i c zones. 
A s i m i l a r outwards v a r i a t i o n i n sulphide minerals occurs from molyb-
denite- chalcopyrite , through pyr i te -chalcopyri te to sphalerite-galena 
enriched i n Ag and Au. S imi lar a l t e r a t i o n and mineral isat ion zoning are 
.shown i n E s e n l i dere and around Emeksan, f igures 6.1, 6.2 and 7*2. 
The t y p i c a l K-fe ldspar phenocrysts of the porphyrit ic adamellite 
are r a r e , and usua l ly smal ler , i n the potass ic a l t era t ion zone in E s e n l i 
dere. Fine-grained K-fe ldspar , quartz and b io t i t e have extensively 
replaced the or ig ina l minerals of the rock while quartz i s usual ly 
augmented i n t h i s zone. K-fe ldspars are high i n potassium, and biot i tes 
enriched i n Mg and S i and depleted in Fe and T i r e l a t i v e to those from 
the f r e s h rocks. 
Rocks from the p h y l l i c - a r g i l l i e a l t e r a t i o n zone almost e n t i r e l y 
consist of quartz and s e r i c i t e or quartz and kao l in i t e . Montmorillonite 
may a l so be present. Orig inal textures of the host-rock are generally 
recognisable. Most of the molybdenum mineral i sat ion i s faind i n t h i s 
zone. • . 
B i o t i t e and hornblende are p a r t l y replaced by ch lor i t e , and f e l d s -
pars by d a y minerals , i n the outermost a l t e r a t i o n zone. Oarbonate 
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minerals r a r e l y occur, but pyr i te veins are widely present. 
The Mo-mineralisation of Emeksan i s c lose ly d is tr ibuted around the 
porphyr i t i c adamell ite and microgranite intrusions and the potassic 
a l t e r a t i o n zone. I t occurs in ve ins , ve in le t s and fractures and shows 
some dissemination. I t i s surrounded by a zone with veins or dissemi-
nations of p y r i t e together with varying amounts of chalcopyrite . Several 
sphaler i te -ga lena veins are found i n the area broadly enveloping the ore 
minera l i sa t ion . 
The successive zones of s i l i c a t e a l t e r a t i o n assemblages with t h e i r 
associated sulphide deposition were probably controlled by temperature 
gradients along fracture and vein systems, varying from near magmatic 
temperature a t the centre of the mineral i sat ion to r e l a t i v e l y cool tem-
peratures i n the outer zones (Nei lsen 1968). Ore f l u i d s generated from 
axi in termediate-ac id ic magna having r e l a t i v e l y high KVH^ a c t i v i t y 
r a t i o s produce potassic a l t e r a t i o n at high ten?)eratures (Rose 1970). 
Magmatic. f l u i d s involved i n formation of the potass ic zone would be 
large ly d i lu ted , by in teract ion with ground water, as they moved upwards 
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and outwards from a core zone. Sheppard et a l . (1971)» using 0 / O , 
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D / H and C / C values from a l t e r a t i o n s i l i c a t e s , reported that a 
meteoric water component i s required in the hydrotheimal f l u i d s respon-
s i b l e f o r p h y l l i c , intermediate and advanced a r g i l l i c a l t e r a t i o n . 
Roedder ( l 9 7 l ) t who invest igated the nature of f l u i d inclusions in the 
porphyry deposits, has a lso suggested mixing and d i lu t ion of the magaatic 
water with the surrounding and overlying ground water. 
The mode of occurrence of the veins , and nature of the sulphide 
minerals described above, ind ica tes that the ore mineral i sat ion i n the 
area was deposited i n several events. The paragenetic sequence from 
older to younger, may be given as fol lows: 
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1. . Molybdenite + K-fe ldspar + quartz + b i o t i t e + pyri te + chalco-
' pyr i t e , 
2. I ^ r i t e + quartz, 
3. ' Molybdenite + quartz, 
4. i ^ r i t e + quartz + dia lcopyri te + enargite, 
5. • Sphaler i te + chalcopyrite , 
6. Galena. 
The s e r i e s i s not completely observed in any area. The f i r s t two 
stages dominate i n the E s e n l i porphyr i t i c adamellite and the l a t e r 
stages i n upper E s e n l i dere and near Emeksan. The mineralogical events 
. may overlap each other. 
Ore mineral i sat ion i n many porphyry deposits i s re la ted to more 
than one i n t r u s i v e phase ( C l a r k 1972). Spat ia l associat ion of these 
phases has increased the econanic value of the deposits. The ore minera-
l i s a t i o n i n the Emeksan area i s a l so re lated to more than one intrus ive 
pulse and i s ' d i s t r i b u t e d i n various centres. Molybdenum deposition i n 
the E s e n l i porphyr i t i c adamell ite may be considered as the most favourable 
minera l i sa t ion owing to the high in tens i ty of hydrothermal a l t era t ion . 
Although the a l t e r a t i o n of the country rocks i n upper E s e n l i dere and 
near Eineksan i s not so intensive the nature of the ore deposition at 
depth should be checked by d r i l l i n g . Molybdenum i s a lso concentrated in 
two micrbgranite in trus ions , around Koyyeri dere and Kucukkiran tepe, but 
ve in minera l i sa t ion i s poor i n these areas . The molybdenite veins i n 
Tekmezar dere are sparse ly d i s tr ibuted and probably have l i t t l e economic 
s i g n i f i c a n c e . Although pyr i te -chalcopyri te mineral isat ion i n upper 
Yarormah dere seems to be at a sub-economic l e v e l , i t needs further 
inves t iga t ion . 
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CHAPTER SEVEN 
LITHOGEOCHEUICAL EXPLORATICN 
7 .1 . Introduction 
Porphyry deposits are the primary resource of molybdenum and 
copper providing about 95 percent of world molybdenum production (Jensen 
and Bateman, 1979) and including some 52.4 percent of the world's copper 
reserves (Sutherland Brown and Cathro, 1976). They thus have a great 
econcmic importance r e l a t i v e to other types of molybdenum and copper 
deposits.: 
Explorat ion for porphyry deposits has been i n t e n s i f i e d i n the l a s t 
decade. .The assoc iat ion of known deposits with par t i cu lar magnatic 
su i t e s , and c h a r a c t e r i s t i c a l t era t ion and mineral isat ion zonation pat-
terns have provided valuable information about the mineral isat ion. 
Subsequent appl icat ion of these data to other areas has revealed many 
hidden, large ore-bodies. Geochemical exploration techniques, i n con-
junct ion with geological and geophysical information, are widely used 
i n the search f o r bl ind ore deposits. The purpose of the geochemical 
survey i s to f i n d anomalous element concentrations related to the ore. 
The secondary d i s t r ibut ion of certa in elements i n samples of sediment 
and water.which can be systematical ly col lected fiaa streams constitutes 
the most common form of regional reconnaissance survey. To outline 
mineralised areas more prec i se ly , a more detai led geochemical survey 
i s general ly required. The concentration of some elements in the bed-
rock may a l s o be ananalous, these anomalies being farmed by the hydro-
thermal solut ions during ore mineral i sat ion. Certain elements may a l so 
be enriched i n s o i l developed over and around hidden are deposits. 
Primary and secondary element d i s tr ibut ion patterns in rock and so i l 
samples may thus help to locate the posit ion of an ore-deposit. 
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The regional geochemical reconnaissance survey made on the 
stream sediments from the Pontids (M.T.A. - United Nations 1973) 
revealed ,an anomalous Cu-Mo zone i n the Emeksan area, which approxi-
mately corresponds to the area covered by the present work. The 
r e l a t i o n s between the exposed mineral isat ion, the in trus ive phases, 
s t r u c t u r a l features , a l t e r a t i o n and mineral i sat ion patterns i n the 
area have been discussed. Several mineral i sat ion centres have been 
proposed as a r e s u l t of the above study and w i l l be examined i n 
r e l a t i o n to the chemistry of the rocks which have been affected by 
hydrothermal a l t e r a t i o n and mineml i sa t ion . The chemistry of the vein 
mater ia l , and the behaviour of elements during a l t era t ion , w i l l be 
b r i e f l y described. ' 
7 .2 . Chemistry of the veins 
Various veins , shown above, were analysed by X-ray fluorescence 
methods f o r S i , A l , Fe, Mg, C^, Na, K, T i , Mn, S, P, Ba, Nb, Zr , Y, Sr , 
Rb, 2ja, Cu, Ni and Mo. Chemical ccmpositions of the veins are re lated 
to the type of associated mineral i sat ion and varying degrees of a l t e r a -
t i o n of the s i l i c a t e minerals in the veins. The chemistry of K-fe ldspar-
q u a r t z - b i o t i t e veins , which accompany Mo-mineralisation, i s shown in 
Table 7 « 1 . The chemistry of molybdenite-quartz, pyr i te , Qi-Pb-Zn 
sulphide and Fe-and Mn-oxide veins i s given i n Appendix 1. 
The overa l l chemistry of the K-fe ldspar-quartz -b iot i te veins i s 
s i m i l a r to that of the microgranite. Since the veins include dissemi-
nated molybdenite, molybdenum contents are very high, which i s also 
r e f l e c t e d in h i ^ e r sulphur l e v e l s ; Cu i s highly concentrated in one 
ve in from the p y r i t i c zone. Higjier KgO and Rb, and lower Na20 contents 
of K - f e l d s p a r - q u a r t z - b i o t i t e veins r e l a t i v e to those of the microgranite 
may be re la ted to more intense f rac t ionat ion of the ve ins . These 
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048A O5OB 051B 125c 125D 255c 255D 256D 
PERCENT 
SI02 76.45 68.96 68.52 72.85 69.07 70.85 75.37 77.58 
AL203 13.95 14.16 15.20 14.54 18.61 17.79 14.51 13.49 
PE203 1.26 2.22 4.83 1.69 1.42 0.99 0.27 0.75 
MGO Oo99 2.75 1.11 1.65 0.78 0.20 0.05 0.95 
CAO 1.74 5.68 1.12 0.06 0. 00 0.00 0.00 
1.62 
NA20 0.25 0.20 2.55 1.31 1.10 0.62 1.35 0.19 
K20 4.54 • 5.18 5.12 6.98 8.24 9.34 8.28 5.03 
TI02 0.11 0.31 0.31 0.59 0.50 0.06 0.16 0.18 
ivmo 0.04 0.16 0.07 0.01 0. 00 0.00 0.00 0.07 
S 0.56 0.11 1.10 0.21 0.19 0.09 0. 02 . 0.03 
P205 0.10 0.28 0.07 0.10 0.08 0.07 
0.00 0.11 
PPM 
BA 571 528 743 4695 1050 622 438 899 
NB 18 18 15 10 12 7 21 84 
ZR 51 141 134 108 146 153 121 145 
Y .199 45 19 25 20 54 15 236 
SR 191 105 212 197 85 190 
127 115 
RB 154 201 238 . 257 408 586 429 173 
ZN 13 9 36 8 2 3 0 
21 
CU 122 27 416 40 6 13 6 14 
NI . . . 5 7 2 5 2 4 0 
1 
MO >5000 2299 3872 18 65 4928 572 512 
TABLE 7.1 J Chemical composition of the K-fe ldspar-
quartz -b io t i t e veins . 
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dif ferences may, however, a lso be produced by p h y l l i c a l t e r a t i o n , which 
a f f e c t s most of the K- fe ldspar-quartz -b io t i t e veins . Nb and Y concentra-
tions of some ve in samples display very anomalous values . Nb and Y may 
be transported in aqueous f l u i d s containing high a c t i v i t i e s of certain 
complexing agents such as F , and tend to remain unaffected i n rocks 
which have suffered metasomatic a l t e r a t i o n (Pearce and Horry 1979). 
Therefore p a r t i t i o n of Mo from s a l i c magjna into an aqueous phase i s 
sometimes accompanied by Nb and Y. Haf f ty and Noble (1972) have demon-
strated a pos i t ive corre lat ion between the concentrations of Mo and Nb 
plus Y i n g lassy rocks. 
The molybdenite-quartz veins are n a t u r a l l y enriched i n Si02, Mo 
and S. Nb and Y contents show very high values i n some specimens which 
corre la te with the above data. Fe l eve l s sometimes increase due to the 
presence of p y r i t e . The concentration of other elements i s low and 
varys i n r e l a t i o n to the proportion of minerals formed during a l t era t ion 
which are included i n small amounts in the ve ins , 
P y r i t e veins are general ly lower i n quartz and higher i n s e r i c i t e 
and c lay minerals than the molybdenite ve ins , which influences the 
chemical ccmposit ion. Mo, Cu and Zn are occasional ly enriched to 
around 500 ppm but abnctrmal Nb and Y values are not observed. The Cu-
Pb-Zn sulphide veins are s i m i l a r to the pyri te veins in composition, 
apart from t h e i r h i ^ Cu and Zn l e v e l s . 
Fe-and Mn-cscide veins show low S contents. The l a t t e r veins are 
a l so enriched i n Fe-oxides and sometimes i n dolomite showing high Fe, 
Mg and Ca. Other element l e v e l s do not s i g n i f i c a n t l y d i f f e r r e l a t i v e 
to those of the pyrite ve ins . 
7 .3 . Chemistry re lated , to the hydrothermal a l t e r a t i o n 
•Various a l t e r a t i o n zones developed as a r e s u l t of ore mineral i sa-
208 
t i e d show d i a r a c t e r i s t i c textura l features and mineralogioal assem-
blages. The replacement processes induced by the hydrothermal f l u i d s 
change the chemical composition of rocks and thus the concentration of 
major and minor elements i n these a l t e r a t i o n zones, r e l a t i v e to the 
fresh rocks, w i l l be examined. 
Analyses of several representative samples fran di f ferent a l t e r a -
t i o n zones, together with the means and range of values of the corres-
ponding i n t m s i v e rocks are shown i n Table 7.2. 
The contents of S i02, K2O and Rb are higher and "^^2^^' Mgo, diO, 
TiOg, MnO and Zn lower i n the potass ic a l t e r a t i c n zone r e l a t i v e to those 
of the f r e s h rocks . The behaviour of these elements can be explained 
by the hydrothermal metascmatism process, i n iidiich the fe ldspars and 
maf ic minerals of the E s e n l i porphyr i t i c adamellite were replaced by a 
f i n e grained material r i c h i n K-fe ldspar and quartz. Although the 
hydro the imal b io t i t e shows h i ^ Mg/Pe r a t i o s r e l a t i v e to the magmatic 
b i o t i t e , i t s proportion in the rock of the potassic zone i s low, 
causing a lower MgO l e v e l i n the bulk material . 
Changes i n the diemical composition of the E s e n l i porphyri t ic 
adamellite are a l so found i n the p h y l l i c and a r g i l l i c a l t era t ion zones 
which are character ised by the intense development of s e r i c i t e and d a y 
minerals . Increases i n Si02 and K2O are more intense in the p h y l l i c 
zone, and are smaller i n the a r g i l l i c zone, r e l a t i v e to the potassic 
zone. Rb contents are near ly doubled compared to the fresh rocks while 
the s l i g h t l o s s of Sr seen i n the potass ic zone i s more evident i n the 
p h y l l i c and a r g i l l i c a l t e r a t i o n zones. ^2^3 lower i n the p h y l l i c . 
zone and higgler i n the a r g L l l i c zone but both values remain i n the 
range for f r e s h rocks. Ite l eve l s are low despite the presence of small 
amounts of pyr i t e . Low values of Zn, and s i m i l a r l eve l s of Ga, i n the 
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a l t e r a t i o n zones may be re lated to the mode of occurrence of these two 
elements. Zn i s camouflaged in mafic minerals while Cu occurs as s u l -
phides (Ringwood 1955). Molybdenum i s below the detection l imi t of 2 
ppm i n most of the fresh rock analyses but reaches several ppm i n the 
p i i y l l i c and a r g i l l i c a l t ered samples which were taken at some distance 
from Mo-mineralisation. ^2^5' ^* ^ values seem to be 
unchanged i n the a l t e r a t i o n zones compared to the f re sh rocks. 
The chemical composition of the rocks i n the p r o p y l i t i c a l t e r a t i o n 
zone i s l i t t l e a f fected . In the representative sample only the contents 
of Ba, Rb and Cu exceed values given for the fresh rodcs. The h i ^ 
l e v e l of Ba i s contrary to i t s l e v e l i n the potass ic and p h y l l i c zones. 
Although increase i n Rb i s small r e l a t i v e to the other a l t e r a t i o n 
zones i t i s s t i l l s i g n i f i c a n t . High concentrations of Cu in the propy-
l i t i c zone are consistent with the l a t e r a l zonation of the sulphide 
minerals i n the area, as well as i n other porphyry deposits. 
The chemical compositions of the a l tered rocks from the p h y l l i c 
and a r g i l l i c zones of the microgranite are s i m i l a r to those of the 
E s e n l i porphyr i t i c adamell i te . H i ^ l e v e l s of K2O i n the p h y l l i c zone, 
and two-fold increases of Rb i n both a l t e r a t i o n zones, in comparison to . 
the f r e s h rocks, are i n l i n e with the above geochemical data. Ca, and 
Na values are very low i n the a l tered microgranites. Most of the Pe 
occurs as oxides in both zones. Other ferromagnesian elements, SiOg* 
and Sr contents show s imi lar concentrations to the unaltered samples, 
probably becaiuse of the more fract ionated nature of the microgranite 
or the wider var ia t ions of these elements in t h i s rock. Molybdenum 
however increases to over 0,1^ i n the a l t era t ion zones of the micro-
granite . 
The behaviour of the elements in the hydrothermally altered 
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zones of the Emeksan area are generally comparable with those of many 
other porpliyry Qi-Mo deposits. Olade and Fletcher ( l975) have demon-
strated progressive increase of Hb, and decrease of Sr , from the 
periphery of the deposits to the central portion, where intense potassic 
and p h y l l i c a l t e r a t i o n coincide with a large part of the orebodies of 
the Bethlehem JA and Val ley Cu deposits, B r i t i s h Columbia. Armbrust et 
a l . (1977) have a l so reported s i m i l a r behaviour of Rb and Sr i n the 
a l t e r a t i o n zones of the E l Teniente porphyry Cu deposit, Chi le . Moore 
(1978) has shown gains i n K and losses of A l , Mg, ferrous i ron and Qa. + 
Na i n the potass ic and p h y l l i c a l t e r a t i o n zones at Bingham, Utah. 
Increases of S i , K, A l , S, Ba ajnd Rb i n the p h y l l i c zone and of Fe, 
Mg, C^, Na, Ifa, Sr and Cu i n the p r o p y l i t i c zone a t Copper H i l l , New 
South Wales, A u s t r a l i a , have been noted by Scott (1978). Ford (1978) 
has a l s o reported h i ^ K, Cu, Cu/S and Rb values and low l eve l s of C^, 
Mn, Sr , K/R\>, Zn and Pb associated with the potass ic a l t era t ion zone 
at the Eanguna porphyry copper deposit, Bougainvil le , Ripua New Guinea. 
The behaviour of the major and trace elements during hydrothermal 
a l t e r a t i o n can be shown by using isovolumetric calculat ions (Moore 
1978, Ford 1978). S i m i l a r diagrams have a l so been produced for the 
a l t e r a t i o n zones of the E s e n l i porphyr i t i c adamellite ( F i g . 7 .1 ) . The 
general p ic ture i s comparable with the above data and i s a l so closely 
consistent with element behaviour i n the potass ic zone of the Bakircay -
poirphyry Cu-Mo deposit of the Pont ids, apart from the enricixment of Cu 
(Taylor and Fryer 1980). 
The pattern of the element behaviour w i l l be further discussed 
below using l a r g e r numbers of analyses. 
7 .4 . Lithogeochemical survey 
Around 4OO rock samples have been used in geochemical studies of 
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the rocks . Samples are d i s t r i b u t e d over a l l the area but are c lo se ly 
spaced i n and around the cere m i n e r a l i s a t i o n . Great care was taken t o 
ensure t h a t samples were r e p r e s e n t a t i v e o f the su r round ing area. I n 
p o o r l y exposed regions weathered m a t e r i a l was a l so taken. Samples 
i n c l u d i n g disseminated ore m i n e r a l i s a t i o n , or those taken w i t h i n a few 
metres o f , v e i n s , were ignored d u r i n g the l i thogeochemica l survey. 
Enr id imen t , or d e p l e t i o n , of elements i n the bed rocks i s r e l a t e d 
to the type o f a l t e r a t i o n . Anomalous concentra t ions of elements i n 
ha lo zones he lp t o l o c a t e the ore more p r e c i s e l y and may be used i n 
o the r areas i n the search f o r b l i n d ores. Values above or below the 
normal concen t ra t ions can be determined by a number of s t a t i s t i c a l 
methods,. ( S i e g e l 1974» Rose et a l . 1 9 7 9 ) . The s t a t i s t i c a l d i s t r i b u t i o n 
o f an element i n a group of analyses can be presented as a simple h i s t o -
gram diagram on which the frequency o f the values i s p l o t t e d against 
c o n c e n t r a t i o n . The f requency d i s t r i b u t i o n curves t r aced f rom the h i s t o -
grams may i n d i c a t e anomalous concent ra t ions w i t h i n the data. The geo-
chemical d i s t r i b u t i o n s can a l so be t e s t e d by u s i n g p r o b a b i l i t y paper 
p l o t s which a re so designed t h a t the cumulat ive percentage o f frequency 
i s p l o t t e d aga ins t concen t r a t i on on a l i n e a r or l o g a r i t h m i c sca le . 
Where the data a re made up o f more than one popu la t ion the p r o b a b i l i t y 
paper p l o t shows two or more s t r a i g h t l i r e s . 
The geocheraical data can a l s o be examined by us ing the standard 
d e v i a t i o n which can be c a l c u l a t e d by the equat ion 
( n - 1 ) 
where X i s the average va lue o f n number o f x observat ions . I n a 
normal d i s t r i b u t i o n , 68.3 percent of the popu la t ion w i l l have values 
between x, and + sd» and 95.4 percent o f the popu la t i on w i l l have values 
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between x and +2sd. These f i g u r e s are w i d e l y used i n geochemical 
p rospec t ing . S iege l ( l 9 7 4 ) has i n d i c a t e d tha t the f i g u r e x + sd 
corresponds t o the background va lue and t h a t x + 2sd corresponds t o 
the l i m i t o f r e g i o n a l a j id l o c a l f l u c t u a t i o n s , the t h r e sho ld . 
I n the present s tudy anomalous concentra t ions are d i s t i ngu i shed 
f r o m normal values by u s i n g the mean and standard d e v i a t i o n s . Since 
the noimal abundances of elements va ry i n the rock groups o f Emeksan, 
mean and s tandard d e v i a t i o n values were ca l cu la t ed f o r each group. I t 
i s o f i n t e r e s t t o note t b i t i n t e r p r e t a t i o n of s i m i l a r rock groups as 
one p o p u l a t i o n would cause e r r a t i c anomalies un re l a t ed to ore m i n e r a l i -
s a t i o n . Por example the concen t r a t i on o f many elements i n the leuco-
g r a n i t e and E s e n l i p o r p h y r i t i c adame l l i t e are anomalous w i t h respect t o 
those i n the m i c r o g r a n i t e and adamel l i t e and the Bneksan p o r p h y r i t i c 
a d a m e l l i t e r e s p e c t i v e l y . Means and standard devia t ions of t h e rock 
groups are shown i n Table 5 . 1 . I n c a l c u l a t i n g these values , hydro-
t h e r m a l l y a l t e r e d rocks and weathered samples were ignored . Some f r e s h 
rock analyses show ananalous concent ra t ions due t o m i c r o i n c l u s i o n s , 
these samples were a l s o excluded i n c a l c u l a t i o n o f background values . 
Hydrothermal replacement processes invo lve a d d i t i o n and d e p l e t i o n 
o f elements, i n the a l t e r e d rocks r e l a t i v e t o the f r e s h ones. Therefore 
nega t ive anomalies could a l so be impor tant i n geochemical p rospec t ing . 
D i s t r i b u t i o n of the values above and below the f igures x ^ 2sd are thus 
considered. I n carder t o emphasise the magnitude o f the anomalies 
a r b i t r a r y d i v i s i o n s of x ± sd and x ± 5sd are a l s o used. These anomaly 
l e v e l s are employed i n the l i thogeochemica l e x p l o r a t i o n maps f o r the 
major and t r a c e elements. For Mo and S a r b i t r a r y l e v e l s are.used 
because most f r e s h rocks have l e v e l s below the d e t e c t i o n l i m i t s o f Mo 
and S. . 
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The d i s t r i b u t i o n o f molybdenite and p y r i t e m i n e r a l i s a t i o n i n the 
area i s shown i n F igure 7.2 t o a l l o w an examinat ion of the r e l a t i o n s h i p 
between t h e m i n e r a l i s a t i o n and the l i t h o g e o d i e m i c a l anomalies. Some 
sca t t e r ed , but unimpor tant , p y r i t e and molybdenite ve ins a l so occur i n 
o t h e r p a r t s of t h e area, as expla ined above. 
The c o n c e n t r a t i o n o f molybdenum i n c r u s t a l rocks around 1 ppm 
(Kurada and Sande l l , 1954)> 4 Ppm may thus be considered as a reasonable 
t h r e s h o l d i n the area. Many ancsnalous values o f molybdenum are recorded 
i n the ore zones, and some i n the p y r i t i c zone ( F i g . 7 . 3 ) . Extension 
o f Mo anomalies w e l l ou t s i de the ore zone of po iphyry molybdenum depo-
s i t s i s a l s o i n d i c a t e d by Rose e t a l . ( l 9 7 9 ) . Mo i s cons iderably 
enr iched i n many samples f r o m two m i c r o g r a n i t e i n t r u s i o n s around Koyyer i 
dere and Kucukki ran tepe. 
The d i s t r i b u t i o n o f su lphur ( F i g . 7 . 4 ) i s ccmparable t o tha t of 
t h e p y r i t e zones. Since t h e p y r i t e i s u s u a l l y found i n ve in s , S anoma-
l i e s are not v e r y i n t e n s i v e . The WWW ' ex tens ion of the p y r i t e zones 
and S anomalies are comparable t o the t r e n d o f most molybdenite ve ins 
i n the area . 
L a t e r a l z o n a t i o n o f the su lphide minera ls around the c e n t r a l Mo-
m i n e r a l i s a t i o n i s a l s o r e f l e c t e d i n the r o c k c h a n i s t r y . Abnormal 
values o f Qi were detected i n many rodcs f r o m the p y r i t i c zone surroun-
d i n g the M o - m i n e r a l i s a t i o n i n E s e n l i dere and near Emeksan ( F i g . 7 . 5 ) . 
Olade and F l e t c h e r (1976) have demonstrated t h a t Cu and S anomalies 
extend a t l e a s t 0.5 km f r o m the p r i n c i p a l m i n e r a l i s e d zones, and they 
concluded these two elements provide the most extensive and u s e f u l 
e x p l o r a t i o n t a r g e t . A number of s tud ies , f o r example Rose e t a l , ( l 9 7 9 ) » 
have shown t h a t anomalously h igh contents of Cu, Zn, Pb and S are found 
i n bedrocks of the ha lo zones o f porphyry Cu-Mo depos i t s . Accord ing t o 
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JISTRieUTION OF MOLYBDENITE AND 
PYRITE ZONES 
MOLYBDENITE 
PYRITE 
SOO 10C0m 
t ^ U C U K K 
ESENLI 
OERE 
KOYVft?! DERE 
EMEKSAN 
L U Younger dykes 
l l j Micro granite 
T ) Porphyrific adamellite 
pAdainel l i te 
LlGranodionte 
ir~i Leuco granite 
j f ] Contamnafed leuco granite 
U Q - d i o n t e 
F J PyrotlQshc rochj ^ Fault 
r ] . Basement roctis Forirstion boundary 
FIGUfiE 7 . 2 : D i » t r i b u t i o n of molybdenlta and pyr i t e zone* I n tb» 
fteelcaan area as detarmined i n the f i e l d . 
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FIGURE 7 .3 :Di s t r ibut ion of Mo i n rocks of the Etneksan area. 
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FIGURE 7 .4 :D i s t r ibut ion of S i n ix>oks of the aneksan area. 
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FIGURE 7 .5 : D i s t r ibut ion of Cu and Zn i n rocks of the EJnekaan area. 
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Rose and B u r t ( l 9 7 9 ) t r a n s p o r t o f the m a t e r i a l s i n v o l v e d i n w a l l r o c k 
a l t e r a t i o n can occur e i t h e r by i n f i l t r a t i o n or by d i f f u s i o n , or by a 
combinat ion o f bo th processes, F i ^ r e 7 . 5 a l so shows severa l Zn 
anomalies recorded ou t s ide t h e p y r i t e zone and d i s p l a y i n g the l a r g e s t 
ex tens ion o f the rock anomalies. The Zn content of the rocks a l s o 
i n d i c a t e s a nega t ive anomaly associa ted w i t h the potass ic a l t e r a t i o n 
centre i n E s e n l i dere. 
The d i s t r i b u t i o n s o f S i02 , K^O, Rb, Sr , A l 2 0 ^ , Fe20^, Mgo, T i02 , 
GaO and Na20 i n rocks of the area are shown i n Figures 1.6 t o 7 .15. 
Hydrothermal a l t e r a t i o n has caused abnormal values o f these elements 
i n the m i n e r a l i s e d zones. However, element l e v e l s i n rocks were a l s o 
changed i n and around the m i c r o g r a n i t e i n t r u s i o n which u s u a l l y shows no 
su lph ide m i n e r a l i s a t i o n except i n Koyyer i dere. Some of these anomalies .. 
r e s u l t f r o m weather ing or m i c r o i n c l u s i o n s . . 
S i02 , and Rb were c l e a r l y added t o the rocks by the ore 
f o r m i n g l i q u i d s i n E s e n l i dere. Enrichment i n Rb was more i n t e n s i v e 
than e i t h e r SiOg or K2O and thus r e s u l t s i n low K/Rb r a t i o s . This 
i m p l i e s t h a t the Mo-mine m l i sat i o n was associa ted w i t h f r a c t i o n a t e d 
r e s i d u a l magnas. Less i n t e n s i v e Rb anomalies occur i n other molybdenite • 
zones i n which the hydrothermal a l t e r a t i o n i s r e s t r i c t e d around the 
v e i n s . Some weak p o s i t i v e Rb anomalies a l so occur i n the p r o p y l i t i c 
zone i n E s e n l i dere. 
Contrary t o the behaviour of Rb, Sr i s depleted i n the po tass ic , 
p h y l l i c and a r g i l l i c a l t e r a t i o n zones. Rb/Sr r a t i o s are thus enhanced 
i n these zones, w i t h anomalous r a t i o s ex tending over wide areas arotaid 
the m i n e r a l i s e d centres , as shown by QLade and F l e t che r (1975)» Chaffee 
(1976) , Armbrust e t a l . ( l 9 7 7 ) and Ford (1978) . Sr however, i s 
deple ted i n some non-minera i i sed areas i m p l y i n g t h a t o ther processes. 
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such as weathering, have af fec ted the d i s t r i b u t i o n of Sr (Armbrust et 
a l , 1977)• These l a t t e r processes reduce the power of the Rb/Sr r a t i o 
as a geochemical t o o l . 
AlgO^ was generally added, and ra re ly released, from the p h y l l i c 
and a r g i l l i c zones of Esenli dere. Posit ive AlgO^ anomalies were also 
produced by weathering. 
PCgO ,^ MgO, TiO^, QaO and Na20 are a l l leached from the highly 
a l t e red rocks of Esenli dere. These elements would, i n seme cases, 
have been redeposited as an "outer f r o n t " as reactions wi th wall-rocks 
neutra l ize the solut ion (Korzhinski I968). Therefore negative anomalies 
i n "the central zones of a l t e r a t i o n and mineral isat ion may be surrounded 
by weak pos i t ive halos. This feature is hardly seen i n the l i t h o -
geochemical maps of the area. I t i s t h o u ^ t that vein mineral isat ion 
and dispersion of elements i n the rocks would prevent any possible 
pos i t ive anomaly of the leached elements i n rocks around the ore 
deposits. Fe released during the potassic, p h y l l i c and a r g i l l i c a l t e -
r a t i o n processes has la rge ly migrated outwards to the p r o p y l i t i c zone 
where i t was f i x e d as p y r i t e . Removal of Mg i s less extensive than 
that of Fe due to the high Mg/Pe ra t ios of the hydrothermal b i o t i t e . 
Mg, together w i t h Ca, i s redeposited as carbonate minerals i n zones and 
veins p e r i j i i e r a l to the ore deposition. Sr nay also be incorporated i n 
carbonates and other p r o p y l i t i c minerals, as indicated by Olade and 
Fletcher (1976), or i t was dispersed i n nearby rocks. Depletion i n Na 
i n the hydrothermal a l t e r a t i o n centres i s i r regular possibly due to the 
f a c t that plagioclase sometimes r ec rys t a l l i s ed as a Na-rich var ie ty i n 
the potassic zone. T i , removed from the h igh ly a l tered rocks, was 
probably f i x e d i n r u t i l e which has been i d e n t i f i e d i n many sulphide 
veins. 
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Depletions i n Pe20^, MgO, TiO^, CfeiO and Na^ O are not generally-
seen i n other mineralised zones of the Emeksan area. Positive anoma-
l i e s of Fe i n the mica:ogranite intrusions are usually re la ted to Fe 
oxides and hydroxides which give a reddish to yellowish colour to the 
rock. High Fe and Mg concentrations i n the western part of the Esenli 
porphorritic adamellite in t rus ion , around the basement rocks, are 
explained by the presence of microiaelusions r i c h i n mafic minerals. 
Destruction of plagioclase, and development of s e r i c i t e i n the 
micxrogranite are r e f l e c t ed by negative Na20 anomalies. These were 
probably produced by hydrothermal f l u i d s towards the end of magmatism. 
This a l t e r a t i o n , i n and around the microgranite intrusions, i s not 
always accompanied by ore mineral isat ion, 
No s i g n i f i c a n t anomalous values were observed fo r JfciO, ^2^5' ^ » 
Nb, Zr, Y and N i . This may be pa r t l y related t o the h i ^ va r i a t ion of 
these elements i n the f resh rocks and to the immobile nature of ^2^^* 
Nb, Zr and Y during a l t e r a t i o n (Pearce and Gale 1977). 
From the foregoing discussion of primary dispersion i n the 
Emeksan area, i t i s evident that the chemical composition of the rocks 
i n and around the ore zones have been af fec ted by the processes related 
t o hydrothermal a l t e r a t i o n and mineral isat ion. I^rvasive potassic, 
p h y l l i c and a r g i l l i c a l t e r a t i o n i n the ore zone of Esenli dere has 
caused pos i t ive Mo, Rb, Si02 and K^O and negative Zn, Sr, FegO ,^ MgO, 
TiOg,,, CaO and Na20 anomalies i n the al tered rocks. These are s imi lar , 
i n most respects, to those shown by many other porphyry deposits. These 
elements may thus be used to outl ine zones o f major hydrotherraal a c t i v i -
t y and minera l i sa t ion . The absence of such anomalies i n other Mo-zones 
i n the area indicates a lower degree of hydro thermal alteraticaa i n the 
country rocks. Since negative anomalies were also produced by other 
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processes, unrelated to ore mineral isat ion, care must be taken when 
using these elements i n lithogeochemical surveys. Mo and Rb are the 
most useful elements f o r o u t l i n i n g the ore body and Si02 and may 
also be used f o r th is purpose. 
S, Rb, Zn, and p a r t i c u l a r l y Cu, are enriched i n the halo zone of 
the ore deposits i n Esenli dere and near Emeksan. These elements may 
also show s i m i l a r h i ^ abundances i n rocks above the ore zone and 
would be usefu l i n exploring f o r b l ind ore mineral isat ion i n other 
areas. 
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CHAPTE3R EIGHT 
CONCLUSICKS 
From th i s study a number of conclusions concerning the nature of 
the in t rus ions and related molybdenum mineral isat ion of the Jineksan area 
can be made. 
1 . The Emeksan ba tho l i t h was formed by a series of magmatic 
pulses which are mainly intermediate to ac id ic i n ccanposition. I t cuts 
both pre-Mesozoic basement rocks and the Mesozoic to Ter t ia ry volcanic 
p i l e . The ba tho l i t h produced medium grade metamorphism i n the country 
rocks. 
2. A simple, single process cannot account f o r the va r i a t ion i n 
the i n t ru s ive rocks. Fractional c r y s t a l l i s a t i o n , .on a calo-alkal ine 
trend, i s however the major process involved i n the generation of these . 
rocks. This agrees wi th the calc-alkal ine d i f f e r e n t i a t i o n of the Ter t iary 
volcanic rocks of the Pontids proposed by Egin et a l . ( l 9 7 9 ) . However, 
other processes must also be considered to explain the f i e l d occurrences, 
petrography, mineralogy and chemistry of the in t rus ive rocks. Assimila^ 
t i o n of quartz-feldspar-mica schists by intermediate rocks intruded in to , 
the basement was shown to be operative during the emplacement of the 
p lu tonic phases. The evidence also suggests that the early, small 
leucogxani t ic bodies were derived frcm the continental crust t h r o u ^ 
p a r t i a l melt ing, 
.3;. Magmatism, and associated are mineralisation i n the Pcmtids, 
during the Ter t ia ry , were triggered by a northwards-dipping subduction 
zone. This also explains many s t ruc tura l features developed as a result 
of It-S compressional forces. Var ia t ion of the chemical composition of 
the Te r t i a ry magmatic rocks across the Pontids, and other evidence 
stated above, support the presence of t h i s northwards-inclined Benioff 
zone. 
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4» The ore mineral isa t ion i s re la ted to the intermediate to 
ac id ic products of the calo-alkal ine magma. Approximately N-S extending, 
nea r -ve r t i ca l f a u l t s control the mineral isat ion. Molybdenite veins 
general ly f o l l o w the NNW di rec t ion while py r i t e veins extend NKE. 
Molybdenite-quartz veins occurring around the porphyr i t ic adamellite 
intrusions usually f i l l near-horizontal f ractures formed p r io r to the 
ore minera l i sa t ion . 
5. The sulphide mineral isa t ion displays a zonal pattern, A 
molybdenite zone i s surrounded by a pyr i t e zone i n which Qa i s sometimes 
enriched. Pb-Zn-Cu sulphide veins are found i n the outermost zone, A 
molybdenite-K-feldspar-quartz-bioti te assemblage i s the f i r s t phase i n 
the paragenetic sequence, other sulphide veins, i n association wi th 
quartz, were formed l a t e r . 
6. A l t e r a t i o n , induced by the hydrothermal solutions, also shows 
a zonal' pat tern . From the centre outwards the a l t e r a t i o n zones are 
potassic, p h y l l i c to a r g i l l i c , and p r o p y l i t i c . The Mo-mineralisation i s 
located i n the .phy l l i c to a r g i l l i c zone and p y r i t e i n the p r o p y l i t i c 
zone. 
7. The chemical composition of the host rocks was changed by 
hydrothermal a l t e r a t i o n during mineral isat ion. Mo, and elements which 
are h ighly enriched towards the ac id ic end of calo-alkaline f r a c t i o n -
a t ion ( S i , K, Rb), are shown to be useful i n lithogeochemical explora-
t i o n f o r o u t l i n i n g the zone of intense mineral isat ion, and the a l t e r a t ion 
centre. . Cu, Zn, S and Rb may also be anomalously enriched i n rocks of 
the halo zone. 
8. Ore minera l i sa t ion i n the Emeksan area shows characteris t ic 
features of the porphyry ore deposits, described by Lowell and Guilbert 
(1970) and Sutherland Brown (1976) . 
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The present study allows a model t o be established f o r the in t rus i cn 
of the Emeksan ba tho l i th . "Pontid land" was covered by sedimentary and, 
p a r t i a i l a r l y by, volcanic rocks during the Mesozoic and early Tert iary, 
The basement rocks were therefore buried under a considerable thickness 
of rocks, amounting to several thousand metres, by the end of the Eocene. 
As the Pontids were a volcanic arc, geothermal gradients were most 
l i k e l y h i ^ e r than noirmal. I n i t i a l melting would have started, i n the 
quartz-feldspar-mica schists , where tanperature and water pressure 
reached a s u f f i c i e n t l e v e l . Melts formed by th i s process can read i ly 
coalesce (Yardley 1978) and migrate upwards along cracks or other d is -
cont inui t ies (Mehnert et a l . 1973). Their movement probably occurred i n 
a quiet t ec tonic environment, and over a r e l a t i v e l y short distance, as 
they are close to minimum melt ing composition. Even a small degree of 
cool ing or water loss could cause complete s o l i d i f i c a t i o n (Harris et a l , 
1970). 
Maginas produced by subduction-related processes were intruded i n 
several phases a f t e r c r y s t a l l i s a t i o n of the leucogranite. They may have 
originated by in te rac t ion of mantle-derived magnas wi th the lowermost 
crustal rocks (Presnall and Bateman 1973, Burham 1979), by p a r t i a l 
mel t ing of amphibolite at greater depths, under wet conditions (Green 
and Ringwood 19^8) , by f r ac t i ona t ion of water-enriched hi^-a lumina 
basalts at r e l a t i v e l y high p a r t i a l pressures of oxygen (O'Hara 1968), 
or by p a r t i a l fus ion of subducted oceanic crust ( S i l l i t o e 1972a). 
Intermediate magmas, forming large in t rus ive bodies, were emplaced, 
p a r t l y by f o r c i b l e in t rus ion , and pa r t ly by piecemeal stoping (Bott 
and Smithsdn 1967) . The chemical composition of these rocks was 
modified by ass imila t ion of quartz-f i ldspar-mica schists when they 
intruded i n t o the basement rocks. No s ign i f i can t change i n the 
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intermediate rock composition was recorded i n areas where they include 
basal t ic to andesit ic xenol i ths or where they were intruded into the 
pyroclas t ic rocks. Repeated emplacement of the granodiorite, adamellite 
and po rphyr i t i c adamellite would have caused elevation of the area and 
erosion of the roof rocks. 
The l a t e magmatic series were thus intruded at shallow depths, 
t he i r emplacement being control led by N-S, NE-SW and Ftf-SE f a u l t s . I n 
th i s environment the magmas l o s t both temperature and vapour pressure 
easily, and c rys t a l l i s ed r ap id ly . The quiet tectonic environment during 
early i n t r u s i o n became more act ive towards the end of magmatism, probab-
l y due to an increasing rate of subduction. This also caused extrusion 
of the younger.members of the Upper Volcanic Series elsewhere i n the 
Pontids. 
The main Mo-mineralisation i n the area occurred short ly a f t e r the 
c r y s t a l l i s a t i o n of the porphyr i t i c adamellite. The molybdenum was 
brought by solutions which also formed the K-feldspar-quartz-biot i te 
veins i n the porphyr i t i c adamellite in t rus ion . I t was introduced i n 
near -ver t ica l veins and was also disseminated i n the highly altered 
host-rocks. The p h y l l i c to a r g i l l i c a l t e r a t ion associated wi th the ore 
minera l i sa t ion p a r t l y overprinted the e a r l i e r potassic a l t e r a t ion . 
Molybdenum was l a t e r incorporated, wi th quartz, i n t o near-horizontal 
f ractures around the porphyr i t i c adaraellite intrusions. This was 
fol lowed by. p y r i t e and base metal sulphide mineral isat ion i n the outer 
zone. S imi lar , but more i r r egu la r , ore mineral isat ion i s d i s t r ibu ted 
i n and around some microgranite in t rusions . 
The f o l l o w i n g guides can be suggested t o a i d exploration f o r 
other porphyry ore deposits i n the region. 
1 . Intermediate to ac id ic in t rus ive rocks showing porphyr i t i c 
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or f ine-grained texture should be primary targets f o r exploration. 
2. The apical parts of the int rusions , and f au l t s or fractures 
extending i n approximately the N-S d i rec t ion , may be p a r t i c u l a r l y 
important f o r the loca t ion of ore deposition. Fracture zones created 
by e a r l i e r in t rus ions should also be diecked ca re fu l ly . 
3. The v a r i a t i on of the sulphide mineralogy i n a par t icu lar 
direct ion.would also provide most usefu l data to determine the proximity 
of molybdenite ore bodies. Porphyry ore deposits are usually surrounded 
by a pyr i te-bear ing she l l . Molybdenite shows enrichment at the centre, 
while Pb-Zn sulphides occur i n the halo zone, 
4. A l t e r a t i o n zones may also provide valuable information about 
the loca t ion of ore mineral isat ion. Towards the ore body the wall-rock 
a l t e r a t i o n changes from p r o p y l i t i c t h r o u ^ a r g i l l i c and p h y l l i c to 
potassic a l t e r a t i o n . However, care must be taken when in te rp re t ing the 
a l t e r a t i o n zoines, since other processes may also be involved. For 
example, the microgranite intrusions i n the Emeksan area have produced 
considerable se r i c i sa t ion and kaol in i sa t ion most of which i s unrelated 
to the ere minera l i sa t ion . The potassic a l t e r a t ion zone must be. the 
most use fu l guide to ore as i t i s an indica t ion of the core zone. The 
i n t ens i t y of the p h y l l i c and a r g i l l i c a l t e r a t i o n around veins i n a 
mineralised zone may be re la ted to the degree of hydrothermal a c t i v i t y 
and ore mineral isa t ion. 
5. The primary dispersion of elements i n the host-rocks could 
provide a good basis f o r studying the a l t e r a t i o n zones and loca t ing 
the ores. Si02, K2O, Rb and Mo would be enriched and FegO^, MgO, OaO, 
NagO, Ti02, MnO, Ba, Sr and Zn depleted i n the potassic, p h y l l i c and 
a r g i l l i c zones associated w i t h Mo-mineralisation. These elements, 
p a r t i c u l a r l y those showing posi t ive anomalies, may be used i n l i t h o -
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geochemical surveys f o r o u t l i n i n g ore bodies. Positive anonalies of 
Cu, Zn, S and Rb in porphyr i t i c adamellite host-rocks may indicate an 
underlying, unexposed Cu-Mo deposit. 
Explorat ion i n the Emeksan area should be continued and the 
nature of the ore mineral isat ion must be examined at depth by diamond . 
d r i l l i n g . Future work should be concentrated i n the fo l lowing regions, 
as ou t l ined i n Figures 6 . 1 , 6.2 and " J . 2 . 
1 . The central part of Esenli dere. Hydrothermal mineral isat ion 
and a l t e r a t i o n occurs near a major N-S f a u l t and represents the h i ^ e s t 
i n t e n s i t y of minera l i sa t ion i n the area. I t thus seems to be the most 
promising i n i t i a l target f o r d r i l l i n g . 
2. The Mo-mineralisations i n upper Esenli dere and near Emeksan 
represent a l a t e r paragenetic assemblage. The degree of ore mineralisa-
t i o n may thus increase wi th depth i n these regions. 
3. Ore mineral isat ion i n other regions may be less important. 
Those re la ted to the microgranite intrusions show an i r regular pattern. 
Surface evidence, such as lack of Mo-mineralisation, f i n e grained ac id ic 
rocks or lithogeochemical ancmalies suggest that the pyr i te zones i n the 
southeastern part of the area are less l i k e l y to be associated wi th Mo-
minera l i sa t ion at shallow depth. 
2kO 
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APPENDK ONE 
SAMPLE LOCATIONS AND VfflOLB-ROCK ANALYSIS 
A. 1.1. Sample locations 
The locat ions of the rock and vein samples used i n t h i s study are 
shown in;Figure A.1.1.At some locations more than one sample was 
col lected, they are recognised by l e t t e r s fo l l owing the sample number. 
The f o l l o w i n g samples were taken from outside the studied area. 
272 - quartz-feldspar-mica schist from 1.5 km N. E. of sample 
' • • 271. 
DIO - quar tz -d ior i te from near sample 272. 
KV2 - microgranite from 2 km N. E. of sample R49. 
EGD - granodiorite from 3 .5 km H of Kumya Mah. 
EVR ' r - pyroclas t ic rock from 7 km N of Kumya Mah. 
Samples wi th numbers smaller than 190 were collected frcm the 
southeastern part of the area, those wi th numbers above 190 from the 
northwestern part . Numbers pref ixed by 'R' and ' 0 ' correspond to the 
rock samples, and to specimens taken i n and around the ore mineralisat ion, 
respect ively . 
A .1 . 2 . Whole-rock analysis 
Samples were s p l i t in to coarse fragments using a Cutrock Engineer- . 
ing, hydraulic, s p l i t t e r . Weathered portions were removed and the 
remaining material broken in to about 1 cm fragments wi th a Sturtevant 
2" X 6" Roil-Jaw Crusher. The crushed sample was quartered and approxi-
mately 1 00 grams of the sample was ground t o a f i n e powder, using a Tema 
Laboratory Disc M i l l , Model T-100, wi th tungsten-carbide widia grinding 
b a r r e l . Grinding took 1 - 4 minutes. 
Several grams of powder were pressed i n to a br iquet te , using a 
hydraul ic press, operated at 6 - 7 tons per sq. i n . A few drops of 
PIGUHE A . 1 . 1 . 
LOCATION MAP OF THE ROCK AND VEIN SAMPLES 
OF THE EMEKSAN AREA 
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ine r t organic binding agent (Mowiol) was added to the powder pr io r to 
compression. 
Major and trace elements were analysed on a Phi l ips P W 1 2 1 2 auto-
matic spectrometer incorporat ing a Torrens Industries T E 1 08 automatic 
sample loader. Detai ls of the routine operating conditions used during 
X-ray fluorescence analysis are given by Reeves (1971). 
The elements S i , A l , Fe, Mg, Ca, Na, K, T i , S and P were analysed 
using a Cr target f o r primary rad ia t ion , and an evacuated tube. Mn was 
determined separately using W rad ia t ion . The accumulation of counts 
f o r the unknowns was based on a ' f i x e d count' time f o r a monitor i n 
order to; minimise the e f f e c t of electronic i n s t a b i l i t y . 
The in te rna t iona l standards G-1, G-2, GA, GH, GR, BCR-1, GSP-1, 
AGV-1, I 'GI I , W-1 and SI were used to cal ibrate the data. The composi-
tions of the in te rna t iona l standards were taken from Flanagan ( l973) . 
Data handling was performed using a procedure described by Holland and 
Brindle (1966) and Reeves (1971 ) • 
Standards, and some samples, were run before and a f t e r the 
analysis run, to check f o r machine d r i f t . The resul ts indicate 
prec is ion i s f t i i r l y h igh. A precision of + 2^0 i s estimated f o r the 
major constituents and o f •^Jfo f o r the other constituents. 
Tlie analyses shown i n Table A. 1.1. are wt ^ oxides. A l l Fe i s 
expressed as Fe^O^, because of the oxidatian of the sample during 
gr ind ing ( F i t t o n and G i l l 1970). The analyses are presented water-
f ree and normalised to 100^, because of secondary H 2 O i n the samples. 
The trace elements Ba, Nb, Zr, Y, Sr, Rb,Zn, Cu, N i , and Mo were 
determined using a W target and an evacuated X-ray path. Analy t ica l 
count data were converted i n to concentrations (ppm), using the 
computer program TRATIO, w r i t t e n by R. C. 0. G i l l . The program uses 
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the func t ion (peak intensity/background in tens i ty ) - 1 , to compensate 
f o r matrix and mass absorption e f fec t s , using scattered background 
rad ia t ion as an in te rna l standard. I t makes corrections f o r blank/ 
contamination and Kp interference (SrK^ on ZrK^^, RbK^ on YK<^and 
YK^onNblU) . 
The standards used were synthetic spiked glasses prepared by the 
P i lk ing ton Research Laboratory f o r use i n Lunar investigations (Brown 
et a l . 1970). The detection l i m i t and the upper l i m i t of standards 
f o r each element are given below,Table A,1,1a. 
Detection Upper l i m i t of 
l i m i t (ppm) standards (ppm) 
Ba 8 5000 
Nb •  3 250 
Zr - 3 5000 
Yi 3 500 
Sr 3 1100 
Rb 3 1000 
Zn 2 1000 
Cu 2 1000 
Ni 2 1000 
Mo 2 500 
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TABLE A. 1. 2. CIFH Norms 
The norms i n the fo l lowing table were calculated by computer 
using the program NORMCAL, wri t ten by R. C. 0. G i l l . Fe^O^/?eO 
r a t i o s , ranging from 0.32 to 0.63, were used during the calculat ions . 
The values of Fe^O^/PeO r a t i o s were taken from the world-wide averages 
of Nockolds (1954) and Turekian and Wedepohl (1961). The d i f feren-
t i a t i o n index shown i s the Thornton-Tut t i e index (^Thornton and Tutt le 
1960). Representative analyses of the granodiorite, adamellite and 
porphyr i t i c adamell ite were used. 
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APPENDIX TWO 
ELECTRON PROBE MI CHQANALYS IS 
The m a c h i n e used was Cambr idge I ns t i r umen t Ccmpany "Geoscan -
Mark I I " o p e r a t e d u n d e r a h i ^ vacuum and a spec imen c u r r e n t o f 0.04 
y<A. The e l e c t r o n beam was k e p t f o c u s s e d , g i v i n g a spo t a n a l y s i s o f 
d i a j n e t e r 2-5^M. A c c e l e r a t i n g v o l t a g e s o f 1 5 and 20 KV were used f o r 
s i l i c a t e and s u l p h i d e m i n e r a l s , r e s p e c t i v e l y . 
Samp les , p r e p a r e d as p o l i s h e d and p o l i s h e d t h i n s e c t i o n s , a n d 
s t a n d a r d s we re s i m u l t a n e o u s l y c a r b o n - c o a t e d p r i o r t o u s e . 
Seconda ry X - r a y s were a n a l y s e d u s i n g a w a v e l e n g t h d i s p e r s i v e 
s y s t a n , w i t h t h r e e a n a l y s i n g c i y s t a l s ; K . A . P . , P .E .T . and L I F . 
A n a l y s e s o f s u l p h i d e s were made w i t h a s i n g l e c r y s t a l s p e c t r o m e t e r and 
o f s i l i c a t e s w i t h two c r y s t a l s p e c t r o m e t e r s w h i c h a l l o w e d s i m u l t a n e o u s 
a n a l y s i s o f two e l e m e n t s . The opt imum a n a l y s i n g c o n d i t i o n s f o r t h e 
e l e m e n t s d e t e n n i n e d , and t h e s t a n d a r d s used f o r each e l e m e n t , a re 
shown i n T a b l e A.2.1 . 
D a t a f r o m t h e Geoscan were c o r r e c t e d f o r the e f f e c t s o f Z . A . F . 
( A t o m i c number , mass a b s o r p t i o n and f l u o r e s c e n c e ) u s i n g an o n - l i n e 
v a r i a n 620-100 compute r . The Z . A . F . c o r r e c t i o n p r o c e d u r e was a p p l i e d 
u s i n g t h e compute r p r o g r a m " T i m 3"» w r i t t e n by Dr . A . P e c k e t t . I n 
g e n e r a l 4 t o 6 t e n - s e c o n d coun t a c c u m u l a t i o n s were o b t a i n e d and 
a v e r a g e d f o r each peak and backg round p o s i t i o n , f o r each e l e m e n t . 
C a l c u l a t e d d e t e c t i o n l i m i t s a r e i n t h e r a n g e 200 t o 500 ppm. 
The o v e r a l l a c c u r a c y f o r t he m a j o r c o n s t i t u e n t s , t a k i n g i n t o accoun t 
c o u n t i n g p r e c i s i o n a n d u n c e r t a i n t i e s i n t h e c o r r e c t i o n p r o c e d u r e , i s 
p r o b a b l y . o f t h e o r d e r o f +2% ( P i n s e n t 1974). 
E l e c t r o n p robe m i c r o a n a l y s e s f o r s u l p h i d e s were p r e s e n t e d i n 
Chap te r 3 a n d s i l i c a t e a n a l y s e s a r e t a b u l a t e d i n T a b l e A . 2 . 2 , 
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A t o m i c A n a l y s i n g 
H a m b e r E l e m e n t L i n e C r y s t a l C o u n t e r P e a k B a c k O T O u n d S t a n d a r d s 
11 H a Z K . A . P . F l o w 53°07' +2° J a d e i t e 
12 M g n n a 43°27' n U g O 
1 3 A l 
n u a 36°15' a AI2O3 
14 S i If • a 30°53' a W o l l a s t o n i t e 
16 S E P . E . T . a 69«52' -2° F e S g 
19 K K a a 50°24' +2° K - f e l d s p a r 
20 Q a a L I P a 113°09 ' a W o l l a s t o n i t e 
22 T i H a a 86°10' a T i O g 
25 l l h It a n 62''57' a B h o d o n l t e 
2 6 F e tt a ' a 57°34' a F e , F e S 2 
27 C o n a a 52°36' • C o 
2 8 H i a 9 a 48°27' a H i 
29 C a 11 a a 44''48' + i V C a 
3 0 Z n • a a 41°45' a Z n S e 
33 A s a a 33°42' +2° A s 
34 S e L K . A . P . a 39°11' a Z n S e 
42 Mo L P . B . T . a 72°17' +2« U o 
47 A g L a » 56°25' +2° A « . 
48 C d • a a 53''21' a O d S 
52 T e n L I P a 109°30« a 
74 W It a . a 42°46' a W 
75 S e L .a a 34°32' +2° R e 
79 A a L a a 31°17' +1°30' A u 
8 0 H g L 
a a 35°55' n 
8 2 P b It a a 33°57' a F b S 
T A B L E A . 2 . 1 . O p t i m u m a n a l y s i n g c c m d i t i o n s a n d s t a n d a r d s u s e d f o r 
e l e c t r o n p r o b e m i c r o a n a l y s i s . 
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' •. APPENDIX THREE 
• X-RAY DIFFRACTIOH STUDIES 
X - r a y d i f f r a c t i o n a n a l y s e s were made u s i n g a P h i l i p s IW1130 
g e n e r a t o r and PWIO50 /25 h i g h a n g l e g o n i o m e t e r - d i f f r a c t i o n assemb lage . 
X - r a y d i f f r a c t o m e t e r . The m i n e r a l s o f i n t e r e s t were s e p a r a t e d f r o m t h e 
sample and g r o u n d i n a n a g a t e bow l w i t h a p e s t l e . The powder was t h e n 
smeared on to a g l a s s s l i d e u s i n g a c e t o n e (smear m o u j i t ) . 
P r i o r t o a n a l y s i s , p r e l i m i n a r y r u n s were E E - d e t o o b t a i n oDtiaemi 
c o n d i t i o n s o f s c a n n i n g speed , p u l s e h e i g h t a n a l y s i s and s l i t w i d t h s . 
The samp les were scanned f r om 10 t o 6O-7O deg rees . The a n a l y s e s o f 
t h e a l k a l i f e l d s p a r s were r e p e a t e d be tween .20 . 5 ° t o 2 2 ° , 2 9 ° t o 30 .5 °» 
4 1 ° t o 142° and 5 0 ° t o 5 1 ° u s i n g a lov;er s c a n n i n g r a t e and an a p p r o -
p r i a t e p u l s e h e i g h t . . 
The opt imum a n a l y s i n g c o n d i t i o n s f o r t h e X - r a y d i f f r a c t i o n 
a n a l y s i s a re shown b e l o w , T a b l e A , 3 . 1 , 
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